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A B S T R A C T
Background
Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Needle syringe programmes (NSP) and opioid substitution therapy (OST) are the primary interventions to reduce hepatitis C (HCV)
transmission in people who inject drugs. There is good evidence for the effectiveness of NSP and OST in reducing injecting risk
behaviour and increasing evidence for the effectiveness of OST and NSP in reducing HIV acquisition risk, but the evidence on the
effectiveness of NSP and OST for preventing HCV acquisition is weak.
Objectives
To assess the effects of needle syringe programmes and opioid substitution therapy, alone or in combination, for preventing acquisition
of HCV in people who inject drugs.
Search methods
We searched theCochraneDrug andAlcohol Register, CENTRAL, theCochraneDatabase of SystematicReviews (CDSR), theDatabase
of Abstracts of Reviews of Effects (DARE), the Health Technology Assessment Database (HTA), the NHS Economic Evaluation
Database (NHSEED), MEDLINE, Embase, PsycINFO, Global Health, CINAHL, and the Web of Science up to 16 November 2015.
We updated this search in March 2017, but we have not incorporated these results into the review yet. Where observational studies did
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not report any outcome measure, we asked authors to provide unpublished data. We searched publications of key international agencies
and conference abstracts. We reviewed reference lists of all included articles and topic-related systematic reviews for eligible papers.
Selection criteria
We included prospective and retrospective cohort studies, cross-sectional surveys, case-control studies and randomised controlled trials
that measured exposure to NSP and/or OST against no intervention or a reduced exposure and reported HCV incidence as an outcome
in people who inject drugs. We defined interventions as current OST (within previous 6 months), lifetime use of OST and high NSP
coverage (regular attendance at an NSP or all injections covered by a new needle/syringe) or low NSP coverage (irregular attendance at
an NSP or less than 100% of injections covered by a new needle/syringe) compared with no intervention or reduced exposure.
Data collection and analysis
We followed the standard Cochrane methodological procedures incorporating new methods for classifying risk of bias for observational
studies. We described study methods against the following ’Risk of bias’ domains: confounding, selection bias, measurement of
interventions, departures from intervention, missing data, measurement of outcomes, selection of reported results; and we assigned a
judgment (low, moderate, serious, critical, unclear) for each criterion.
Main results
We identified 28 studies (21 published, 7 unpublished): 13 from North America, 5 from the UK, 4 from continental Europe, 5 from
Australia and 1 from China, comprising 1817 incident HCV infections and 8806.95 person-years of follow-up. HCV incidence ranged
from 0.09 cases to 42 cases per 100 person-years across the studies. We judged only two studies to be at moderate overall risk of bias,
while 17 were at serious risk and 7 were at critical risk; for two unpublished datasets there was insufficient information to assess bias.
As none of the intervention effects were generated from RCT evidence, we typically categorised quality as low. We found evidence
that current OST reduces the risk of HCV acquisition by 50% (risk ratio (RR) 0.50, 95% confidence interval (CI) 0.40 to 0.63, I2 =
0%, 12 studies across all regions, N = 6361), but the quality of the evidence was low. The intervention effect remained significant in
sensitivity analyses that excluded unpublished datasets and papers judged to be at critical risk of bias. We found evidence of differential
impact by proportion of female participants in the sample, but not geographical region of study, the main drug used, or history of
homelessness or imprisonment among study samples.
Overall, we found very low-quality evidence that high NSP coverage did not reduce risk of HCV acquisition (RR 0.79, 95% CI 0.39
to 1.61) with high heterogeneity (I2 = 77%) based on five studies from North America and Europe involving 3530 participants. After
stratification by region, high NSP coverage in Europe was associated with a 76% reduction in HCV acquisition risk (RR 0.24, 95%
CI 0.09 to 0.62) with less heterogeneity (I2 =0%). We found low-quality evidence of the impact of combined high coverage of NSP
and OST, from three studies involving 3241 participants, resulting in a 74% reduction in the risk of HCV acquisition (RR 0.26 95%
CI 0.07 to 0.89).
Authors’ conclusions
OST is associated with a reduction in the risk of HCV acquisition, which is strengthened in studies that assess the combination of
OST and NSP. There was greater heterogeneity between studies and weaker evidence for the impact of NSP on HCV acquisition. High
NSP coverage was associated with a reduction in the risk of HCV acquisition in studies in Europe.
P L A I N L A N G U A G E S U M M A R Y
Interventions for reducing hepatitis C infection in people who inject drugs
Review question
We examine research on the effect of needle syringe programmes (NSP) and opioid substitution treatment (OST) in reducing the risk
of becoming infected with the hepatitis C virus.
Background
There are around 114.9 million people living with hepatitis C and 3 to 4 million people newly infected each year. The main risk for
becoming infected is sharing used needles/syringes. Almost half the people who inject drugs have hepatitis C. The provision of sterile
injecting equipment through NSPs reduces the need for sharing equipment when preparing and injecting drugs. OST is taken orally
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and reduces frequency of injection and unsafe injecting practices. We examined whether NSP and OST, provided alone or together,
are effective in reducing the chances of becoming infected with hepatitis C in people who inject drugs.
Search date
The evidence is current to November 2015.
Study characteristics
We identified 28 research studies across Europe, Australia, North America and China. On average across the studies, the rate of new
hepatitis C infections per year was 19.0 for every 100 people. Data from 11,070 people who inject drugs who were not infected with
hepatitis C at the start of the study were combined in the analysis. Of the sample, 32% were female, 50% injected opioids, 51%
injected daily, and 40% had been homeless. Our study was funded by the National Institute of Health Research’s (NIHR) Public
Health Research Programme, the Health Protection Research Unit in Evaluation of Interventions, and the European Commission
Drug Prevention and Information Programme (DIPP), Treatment as Prevention in Europe: Model Projections.
Key results
Current use of OST (defined as use at the time of survey or within the previous six months) may reduce risk of acquiring hepatitis C
by 50%. We are uncertain whether high coverage NSP (defined as regular attendance at an NSP or all injections being covered by a
new needle/syringe) reduces the risk of becoming infected with hepatitis C across all studies globally, but there was some evidence from
studies in Europe that high NSP coverage may reduce the risk of hepatitis C infection by 76%. The combined use of high coverage
NSP with OST may reduce risk of hepatitis C infection by 74%.
Quality of the evidence
Quality of evidence ranged from moderate to very low because none of the studies used the gold standard design of randomised
controlled trials.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]
Current OST versus no OST
Patient or population: people who inject drugs
Settings: outpat ient
Intervention: current OST versus no OST
Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)
No of participants
(studies)
Quality of the evidence
(GRADE)
Assumed risk Corresponding risk
No OST Current OST
HCV incidence adjusted
analyses
number of HCV seroconver-
sion
Follow-up: mean 440.5 per-
son-years
- - RR 0.50
(0.40 to 0.63)
6361
(12 studies)
⊕⊕©©
Lowa,b
* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).
CI: conf idence interval; OST : opioid subst itut ion therapy; RR: risk rat io.
GRADE Working Group grades of evidence
High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect.
Moderate quality: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is
substant ially dif f erent.
Low quality: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect.
Very low quality: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect
aDowngraded one level due to overall moderate risk of bias in 2 studies, overall serious risk of bias in 6 studies, 2 studies at
overall crit ical risk of bias in 2 studies; not enough information to make judgment in 2 studies.
bUpgraded one level due to large magnitude of the ef fect: RR: 0.5.
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B A C K G R O U N D
Description of the condition
The number of people exposed to hepatitis C continues to increase
globally, with an estimated 114.9 million people living with anti-
bodies to hepatitis C (Gower 2014), 3 to 4 million people newly
infected each year and 350,000 deaths occurring annually (Mohd
Hanafiah 2013; Perz 2006). There were an estimated 35 million
people livingwith human immunodeficiency virus (HIV) in 2014.
Emerging evidence suggests that HIV transmission has declined
since 2001 and more people are receiving treatment (UNAIDS
2014). Co-infection with hepatitis C (HCV) among people living
with HIV is a major global public health concern, with an esti-
mated 4 million co-infected people (Platt 2016). Among people
who inject drugs (PWID), sharing needle/syringes is the main risk
factor for infection with HIV andHCV. Additional risks for HCV
acquisition in this population include sharing drug preparation
containers, filters, rinse water and backloading (a method of shar-
ing drugs by transferring them from the needle of one syringe into
the barrel of another) (Pouget 2012; Strathdee 2010).
Description of the intervention
NSPs are often a first point of contact with health services for
PWID. They provide support tominimise drug and sexual risk-re-
lated harms, including the provision of clean needles/syringes and
condoms so as to prevent bloodborne virus transmission, bacterial
infections and other adverse health outcomes. By maximising the
amount of clean injecting equipment in circulation, it is possible
to minimise the time that contaminated equipment remains in use
and the proportion of unsafe injections (Bluthenthal 2007; Kaplan
1992). NSPs operate through a range of modalities including via
fixed sites, outreach, peer PWID networks, vending machines and
pharmacies. Engaging in behaviours that are socially stigmatised
and illegal, PWID often have high rates of unemployment, home-
lessness and incarceration. NSPs also provide access to longer-term
support by referring clients to medical, drug treatment or social
support services.
Drug treatment for opioid addiction and dependence also encom-
passes a range of strategies to manage injecting drug use and re-
duce associated harms, including medication-assisted treatment
(MAT) such as opioid substitution therapy (OST), MAT plus
psychosocial approaches, and residential rehabilitation. The most
commonly prescribed forms of OST are the opioid agonist treat-
ments methadone maintenance therapy (MMT) and the partial
agonist buprenorphinemaintenance treatment (BMT). Buprenor-
phine plus the antagonist naloxone (licensed as ’Subuxone’) is also
increasingly popular. OST is prescribed to dependent users to di-
minish the use and effects of illicitly acquired opioids. It is usually
taken orally and therefore reduces the frequency of injection and
unsafe injecting practices (Tilson 2007). As a treatment for opioid
dependence, OST has been shown to increase health and social
functioning, decrease crime and reduce the frequency of injection
and unsafe injecting practices (Gowing 2011; Vorma 2013). Ev-
idence suggests that OST is most effective when it is continuous
and provided at adequate doses (Amato 2013; Faggiano 2003).
International evidence supports the use of combination interven-
tions to prevent and treat HIV in PWID, with the provision of
NSP, OST, and HIV antiretroviral treatment as the key interven-
tions (Degenhardt 2010; WHO 2004). There is good evidence
that NSP andOST reduce injecting risk behaviours and increasing
evidence showing an impact on HIV incidence (Aspinall 2014;
MacArthur 2012). However, evidence of their impact onHCV in-
cidence amongPWID, in combinationor alone, is limited (Gibson
1999; Gibson 2001; Gowing 2011; Jones 2008; Palmateer 2010;
Turner 2011; Van Den Berg 2007).
How the intervention might work
Two recent systematic reviews of 12 observational studies esti-
mated that NSPs reduce HIV transmission among PWID by 48%
(95% confidence interval (CI) 3% to 72%), with strong evidence
that OST reduces HIV transmission by 54% (95% CI 33% to
68%) (Aspinall 2014; MacArthur 2012). However, none of the
evidence was based on randomised controlled trials and either
relied on cohort studies or cross-sectional studies that measured
OST or NSP exposure and HIV incident infections. Previous re-
views synthesising evidence of the efficacy of NSPs have focused
on HIV as the main outcome (Gibson 2001; Tilson 2007; Wodak
2004), thus failing to include all the available evidence on HCV
(Palmateer 2010).
A recent analysis of pooled data (N = 919) in a single country
examined the effect of NSP coverage on HCV incidence, defin-
ing coverage in terms of the proportion of injections covered by a
sterile syringe. This analysis suggested that high coverage of NSP
(’100% NSP’, i.e. obtaining at least one sterile syringes per injec-
tion) or OST (defined as receiving OST or not, either currently or
within the previous 6 months) can each reduce the risk of HCV
acquisition by 50%; and in combination by 80% (Turner 2011).
However, due to a small number of incident HCV cases (n = 40),
the efficacy estimate for 100% or more NSP among those not on
OST was weak (95% CI 0.22 to 1.12), and there was insufficient
power to investigate the existence of a dose-response relationship.
Another systematic review examined evidence from observational
studies on the impact of a range of risk reduction interventions
on HCV acquisition, including behavioural interventions, NSP,
and OST (Hagan 2011). This study measured the effect of NSP
use, defined inconsistently due to limited available evidence, as
any attendance at NSP or attendance at one point in time and
showed increased risk of seroconversion among NSP attenders.
Limitations of the studies included in this review were: substantial
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heterogeneity and lack of clarity and consistency in the measure-
ment of NSP use across studies.
A recent review on the effect of OST use on HIV transmission
identified many more studies than earlier Cochrane Reviews (
MacArthur 2012). Similarly, we suspected that not all evidence
on the effect of NSP on HCV transmission had been identified,
so extending previous reviews would strengthen the evidence base
as well as provide a more refined measure of NSP coverage that
accounts for frequency of attendance and degree to which NSPs
meet individuals’ requirements for sterile needle/syringes.
Why it is important to do this review
Evidence of the effect of NSP with and without OST on HCV
incidence is inconclusive (Palmateer 2010). Previous reviews have
failed to define the frequency of use of the intervention and/or the
coverage of the intervention (defined as the quantity of needles/sy-
ringes received per injection) (Hagan 2011), and a previous pooled
analysis had an insufficient sample size to accurately measure the
effect (Turner 2011). This review is needed in order to estimate
the effect of NSPs using a consistent definition of coverage and
examining impact with and without OST on HCV incidence, in
order to inform harm reduction policies aimed at reducing the
burden of HCV.
O B J E C T I V E S
To assess the effects of needle syringe programmes and opioid sub-
stitution therapy, alone or in combination, for preventing acqui-
sition of HCV in people who inject drugs.
We were specifically concerned with the following research ques-
tions.
1. How effective is OST alone for reducing HCV incidence in
PWID?
2. How effective are needle syringe programmes (NSP) with
and without OST for reducing HCV incidence in PWID?
3. How does the effect of NSP and OST vary according to
duration of treatment (i.e. for NSPs weekly attendance versus
monthly)?
4. How does the effect of NSP vary according to the type of
service (fixed site versus mobile; high coverage versus low
coverage)?
5. How does the effect of OST vary according to the dosage of
OST, type of substitution used and adherence to treatment?
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included randomised controlled trials (RCTs), prospective and
retrospective cohort studies and case-control studies. We also fol-
lowed up and included prospective studies examining HCV in-
cidence in PWID that may have collected data regarding NSPs
and OST without reporting the data in the published study, or
which may have reported data as part of an adjusted analysis. For
these studies, we sought unpublished data relating to the impact of
NSP/OST on HCV transmission via contact with study authors.
We included studies only when authors provided these data.
We included cross-sectional surveys if they included a serological
measure of recent infection (e.g. through positive ribonucleic acid
(RNA) results on anti-body negative samples). We excluded cross-
sectional studies (including serial cross-sectional studies) report-
ing HCV prevalence alone. We excluded studies relying on self-
reported data for the outcome.
Types of participants
People who inject drugs (opioids and or stimulants). We excluded
studies enrolling participants undergoing opportunisticHCV test-
ing (outside of the study setting) and those relating to people who
inject drugs in the prison setting, since addiction services and treat-
ment provision in this setting differ significantly from community
and healthcare settings.
Types of interventions
Experimental interventions
• OST
• NSP
• NSP plus OST
Studies could be based in a drug treatment facility or in the wider
community, at a fixed site or mobile unit.
Exposure to OST was defined as continuous or interrupted treat-
ment, current, recent (previous six months or duration of HCV
observation period) or any past treatment with methadone or
buprenorphine.
Exposure to NSP was defined as the proportion of injections cov-
ered by a clean needle/syringe or attendance at an NSP. Where it
was not possible to estimate the proportion of injection covered
by a clean needle/syringe, we defined exposure accounting for fre-
quency of injection and the degree to which the NSP meets the
individual’s requirement for needles/syringes.
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Control intervention
• No OST
• Low coverage NSP or no NSP
Types of comparisons
1. OST versus no OST
2. High NSP coverage with no OST versus low coverage NSP
3. Low NSP coverage with no OST versus no NSP
4. Combined high/low NSP coverage with OST versus no
OST and low/no coverage NSP
Types of outcome measures
Primary outcomes
Our review focused on one primary outcome, HCV incidence,
and no other secondary outcomes. We excluded studies that did
not report on HCV incidence since they would have addressed
questions outside the main review question. Incidence of HCV
infection in PWID was measured via repeat testing such as detec-
tion ofHCVRNA positive amongHCV antibody negative results
or antibody avidity. We also included studies if they reported a
minimum of two HCV seroconversions (HCV antibody negative
to HCV antibody positive) in participants from tests conducted
at different time points.
Search methods for identification of studies
Methods to be used in this systematic review in relation to the
search strategies and approaches to data synthesis follow methods
applied in a similar review to assess the impact of OST on HIV
incidence (MacArthur 2012).
We identified papers in four ways. Firstly, we conducted two pri-
mary searches of the literature based on key search terms identi-
fied in reviews of the effect of OST and NSP on the risk of HIV
andHCV amongPWID (MacArthur 2012; Palmateer 2010). The
purpose of the two searches were to identify studies that measured
the impact of NSP/OST onHCV incidence (see Appendix 1) and
to identify longitudinal studies that measuredHCV incidence and
reported the impact of NSP/OST as part of an adjusted analysis
(see Appendix 2). The Cochrane Drugs and Alcohol Group Trials
Search Co-ordinator reviewed the search strategy and conducted
the search.
Electronic searches
We searched for relevant studies in the following sources.
• The Cochrane Drugs and Alcohol Group Specialised
Register of Trials (searched 16 November 2015).
• The Cochrane Central Register of Controlled Trials
(CENTRAL; 2015, Issue 11).
• The Cochrane Database of Systematic Reviews (CDSR)
(Cochrane Library, 2015, issue 11).
• The Database of Abstracts of Reviews of Effects
(DARE)(Cochrane Library, 2015, issue 11).
• The Health Technology Assessment Database (HTA)
(Cochrane Library, 2015, issue 11).
• The NHS Economic Evaluation Database (NHSEED)
(Cochrane Library, 2015, issue 11).
• MEDLINE (Ovid) (1966 to 16 November 2015).
• Embase (embase.com) (1974 to 16 November 2015).
• The Database of Abstracts of Reviews of Effects (DARE)
(Cochrane Library, searched 16 November 2015).
• Global Health (Ovid) (1974 to 16 November 2015).
• CINAHL (EBSCOhost) (1982 to 16 November 2015).
• Web of Science (1991 to 16 November 2015).
• PsycINFO (Ovid) (1985 to 16 November 2015).
We searched for ongoing clinical trials and unpublished trials via
searches of the following websites.
• ClinicalTrials.gov (www.clinicaltrials.gov).
• World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP) (apps.who.int/trialsearch/).
This review fully incorporates the results of searches conducted up
to November 2015. We identified a further four reports of studies
in a search update conducted inMarch 2017.We have added those
studies to Studies awaiting classification and will incorporate them
into the review at the next update.
Searching other resources
We searched the publications of key international agencies includ-
ing the European Monitoring Centre on Drugs and Drug Addic-
tion, the European Centre for Disease Control, the National In-
stitute on Drug Abuse, the US Institute of Medicine, the United
Nations Office on Drugs and Crime Prevention and the World
Health Organization. We handsearched the reference lists of rele-
vant articles to identify additional relevant studies and contacted
experts in the field to identify ongoing research. We also searched
conference abstracts including the International Harm Reduction
Conference, International HIV/AIDS Society and the European
Association for the Study of the Liver conference. Finally we con-
tacted principal investigators and authors of prospective studies
that had examinedHCV incidence in PWID but had not reported
on the intervention exposure to see whether these data were avail-
able from unpublished sources.
There were no language or date restrictions, and we included peer
reviewed and non-peer reviewed papers.
Data collection and analysis
Selection of studies
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Two reviewers (LP, SM) independently screened all titles and ab-
stracts, resolving disagreements following discussion. Two review-
ers (LP, SM) independently screened full-text copies of relevant
articles to determine whether they met eligibility criteria for direct
inclusion or for contact of study authors. We resolved disagree-
ments by discussion or, where disagreements persisted, with adju-
dication by a third author (JR) to enable a consensus.
We had full-text papers in languages other than English translated
by individuals fluent in those languages. Where there were multi-
ple publications from the same study, or the same city or region,
we selected all published papers and extracted data from the study
with the greatest number of outcome events (i.e. HCV serocon-
versions).
Data extraction and management
One author (LP) extracted data using a data extraction form,which
two review authors had pre-piloted to determine suitability for
capturing study data and assessing quality. A second author (JR)
checked all data to assess the accuracy of data extraction. Data
extracted included:
• lead author;
• review title or unique identifier and date;
• eligibility for inclusion;
• reasons for exclusion;
• study aim(s);
• study design (included sampling methods, participant and
attrition rate);
• study location;
• study setting;
• proportion of participants who injected opioids;
• proportion of participants who injected stimulants;
• definition of exposure (recency of injecting);
• intervention (NSP provision; number of needles
distributed; frequency of injection; frequency of attendance;
methadone maintenance therapy or buprenorphine maintenance
treatment; delivery (e.g. continuous versus interrupted
treatment); duration; dose);
• additional interventions or incentives provided alongside
NSP/OST;
• participants (number in each intervention group; age, sex
and ethnicity);
• duration of follow-up in each treatment arm;
• outcome measure (HCV seroconversion) overall and by
NSP and OST exposure;
• unadjusted and adjusted effect size: incidence rate ratio
(IRR); odds ratio (OR); risk ratio (RR)hazard ratio (HR) and
precision (i.e. 95% confidence interval (CI));
• confounding factors used to adjust effect estimates
including high-risk behaviours (injecting risk behaviours,
frequency of injection, homelessness, experience of prison,
duration of injection, or age, poly drug use);
• background prevalence of HCV in the population;
• any other comments.
Assessment of risk of bias in included studies
We would have performed the ’Risk of bias’ assessment for RCTs
using the criteria in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). The recommended approach is a
two-part tool, addressing seven specific domains, namely sequence
generation and allocation concealment (selection bias), blinding
of participants and providers (performance bias), blinding of out-
come assessor (detection bias), incomplete outcome data (attri-
tion bias), selective outcome reporting (reporting bias) and other
sources of bias. The first part of the tool involves describing what
was reported to have happened in the study. The second part of
the tool involves assigning a judgment relating to the risk of bias
for that entry, in terms of low, high or unclear risk. To make these
judgments we would have used the criteria indicated by Higgins
2011, adapted to the addiction field. See Appendix 3 for details.
We would have assessed the risk of bias for unpublished estimates
by referring to the study methods in the corresponding published
paper.
We assessed the risk of bias in non-randomised studies using a
pilot version of a tool in development by the Methods Groups of
the Cochrane Collaboration (Sterne 2013). This was undertaken
as part of the formal piloting of the tool, in collaboration with its
developers. The seven-domain tool is an extension of the existing
tool for assessing risk of bias in randomised trials (Higgins 2011).
Three domains concern the pre-intervention phase or intervention
phase.
1. Baseline confounding. In assessing bias due to confounding
we considered there to be two critically important confounders:
duration of injecting or age; and frequency of injecting.
2. Selection of participants into the study.
3. Measurement of the intervention.
Four domains relate to the post intervention phase.
1. Departures from intended interventions (performance bias).
2. Missing data (attrition bias).
3. Measurement of outcomes or interventions (detection bias).
4. Selection of the reported results (outcome reporting bias).
Finally, we gave an overall risk of bias judgment at the study level
for each relevant outcome (see Appendix 4).
Since we were piloting a new ’Risk of bias’ tool, four contribu-
tors initially applied it independently to a sample of four studies.
We discussed and compared assessments to ensure consistent in-
terpretation of domains. Two people independently assessed the
remaining studies in the review and compared results. We resolved
disagreements by discussion.
Measures of treatment effect
When trials reported only effect estimates, we directly extracted
unadjusted and adjusted estimates reported as ORs, risk ratios
(RRs), IRRs or HRs with 95% CIs. When studies provided only
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incidence data, we estimated rate ratios and 95% CIs based on the
person-years of observation.We extracted effect estimates reported
asORs and took them as an approximation of the RR, even though
the incidence of HCV in included studies was variable (mean
18.7/100 person-years, range 0.09 to 42). In order to account
for this, we explored the impact of removing ORs on our overall
intervention effect in sensitivity analyses(MacArthur 2012; Zhang
1998).
Dealing with missing data
We contacted study authors if studies provided data regarding use
of NSP or the impact of drug treatment on HCV transmission
but insufficient detail regarding the precise form of treatment pro-
vided. We also contacted study authors if papers reported HCV
incidence data but no data regarding drug treatment or NSP. If we
could not obtain missing data, we excluded the studies from the
review.
Assessment of heterogeneity
We assessed heterogeneity via inspection of the forest plot and by
a Chi2 test to demonstrate whether the observed differences in
results were compatible with chance alone. We calculated tThe I
2 statistic was calculated to examine the percentage of variability
due to heterogeneity rather than to sampling error. We explored
heterogeneity through sensitivity and subgroup analysis.
Assessment of reporting biases
We used funnel plots (plots of the effect estimate from each study
against the sample size or effect standard error) to assess the po-
tential for bias related to the size of the trials, which could indi-
cate possible publication bias. We inspected funnel plot symmetry
when there were at least 10 studies included in the meta-analysis.
Data synthesis
We used a random-effects model for all analyses, allowing for het-
erogeneity between studies and converting all effect estimates into
RRs. We pooled adjusted and unadjusted effect estimates in sep-
arate meta-analyses. We used Review Manager 5 (RevMan 5) for
statistical analyses (RevMan 2014). We pooled data across differ-
ent observational study designs and assessed the potential asso-
ciation between study design and effect size, stratifying by study
design as well as in meta-regression analyses.
Subgroup analysis and investigation of heterogeneity
We examined heterogeneity with the I2 and Tau2 statistic and ex-
plored reasons for heterogeneity using univariable random-effects
meta-regression to evaluate the impact of the following covari-
ates: geographical region of study; recruitment setting (commu-
nity-based or treatment); percentage of female participants; main
drug injected; type of NSP; frequency of injecting; dose, duration
and adherence to NSP/OST (i.e. continuous or interrupted treat-
ment); and study design. There was insufficient information to
assess the impact of adherence to NSP/OST (i.e. continuous or
interrupted treatment).
Sensitivity analysis
We excluded studies that we assessed as being at critical risk of bias.
We also used sensitivity analysis to determine to what extent the
overall intervention effect changed when we excluded studies: at
severe or unclear risk of bias; that did not adjust for confounders;
from unpublished datasets; and that used odds ratios as effect
measures and were cross-sectional in design.
Summary of findings table
We assessed the overall quality of the evidence for the primary
outcome using the GRADE system for assessing the quality of ev-
idence (GRADE 2004; Guyatt 2008; Guyatt 2011; Schünemann
2006). GRADE takes into account issues not only related to in-
ternal validity but also to external validity, such as directness of
results. The ’Summary of findings’ tables present the main find-
ings of the review in a transparent and simple tabular format. In
particular, they provide key information concerning the quality of
evidence, the magnitude of effect of the interventions examined
and the sum of available data on the main outcomes.
TheGRADE systemuses the following criteria for assigning grades
of evidence.
• High: we are very confident that the true effect lies close to
that of the estimate of the effect.
• Moderate: we are moderately confident in the effect
estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.
• Low: our confidence in the effect estimate is limited: the
true effect may be substantially different from the estimate of the
effect.
• Very low: we have very little confidence in the effect
estimate: the true effect is likely to be substantially different from
the estimate of effect.
Grading is decreased for the following reasons.
• Serious (−1) or very serious (−2) study limitation for risk
of bias.
• Serious (−1) or very serious (−2) inconsistency between
study results.
• Some (−1) or major (−2) uncertainty about directness (the
correspondence between the population, the intervention, or the
outcomes measured in the studies actually found and those
under consideration in our systematic review).
• Serious (−1) or very serious (−2) imprecision of the pooled
estimate(−1).
• Publication bias strongly suspected (−1).
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Grading is increased for observational studies for the following
reasons.
• Strong evidence of association - significant relative risk of
more than 2.0 (or less than 0.5) based on consistent evidence
from two or more observational studies, with no plausible
confounders (+1).
• Very strong evidence of association - significant relative risk
of more than 5.0 (or less than 0.2) based on direct evidence with
no major threats to validity (+2).
• Evidence of a dose response gradient (+1).
• All plausible confounders would have reduced the effect (+
1).
R E S U L T S
Description of studies
Results of the search
We identified 6720 unique records from database searching and
from reference lists of included studies and relevant reviews. We
excluded 6576 on the basis of title and abstract and retrieved 144
full-text articles for more detailed evaluation. We excluded 103 of
these (referring to 101 studies) after reading the full text because
they did not meet the inclusion criteria; we characterised 6 studies
as awaiting classification since they were written in Chinese or
German, and we were not able to translate.
We finally included 28 studies (31 references): 21 published and 7
unpublished reports that satisfied all criteria required for inclusion
in the review. See Figure 1.
10Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
Figure 1. Study flow diagram.
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Twenty-one papers directly included measures of the impact of
exposure to either OST or NSP on HCV acquisition. In addition,
we identified 11 eligible prospective studies that measured HCV
incidence and contacted authors of these articles. Of these, we
obtained unpublished data from six cohort studies in Montreal,
Canada (Bruneau 2015 [pers comm]); Baltimore, USA (Mehta
2015 [pers comm]), SanFrancisco,USA (Page 2015 [pers comm]);
London, UK (Judd 2015 [pers comm]); Melbourne, Australia (
Aitken 2015 [pers comm]); and Sydney, Australia (Maher 2015);
plus one cross-sectional survey (Hope 2015 [pers comm]).
Included studies
See Characteristics of included studies.
In total we included 21 published studies (Craine 2009; Crofts
1997; Hagan 1995; Hagan 1999; Holtzman 2009; Hope 2011;
Lucidarme 2004; Nolan 2014, Palmateer 2014a ; Patrick 2001;
Rezza 1996; Roy 2007; Ruan 2007; Spittal 2012; Thiede 2000;
Thorpe 2002; Tsui 2014; Vallejo 2015; Van Beek 1998; Van
Den Berg 2007; White 2014), plus 7 unpublished studies (Aitken
2015 [pers comm]; Bruneau 2015 [pers comm]; Hope 2015 [pers
comm], Judd 2015 [pers comm]; Maher 2015 Mehta 2015 [pers
comm]; Page 2015 [pers comm]), comprising 1817HCV incident
infections and 8806.95 person-years of follow-up. HCV incidence
in the 28 studies ranged from 0.09 and 42 cases per 100 person-
years.
Design
Wedid not identify any randomised controlled trials.We included
2 case-control studies (Hagan 1995, Rezza 1996), 3 cross-sectional
studies (Hope 2011; Hope 2015 [pers comm]; Palmateer 2014a),
20 prospective cohort studies (Aitken 2015 [pers comm]; Bruneau
2015 [pers comm]; Craine 2009; Hagan 1999; Holtzman 2009;
Judd 2015 [pers comm]; Lucidarme 2004; Maher 2015; Mehta
2015 [pers comm]; Nolan 2014; Page 2015 [pers comm]; Patrick
2001; Ruan 2007; Spittal 2012; Thiede 2000; Thorpe 2002;
Tsui 2014; Vallejo 2015; Van Den Berg 2007; White 2014); 2
retrospective cohort studies (Crofts 1997; Van Beek 1998); and 1
serial cross-sectional survey (Roy 2007).
Duration of trials
For cohort studies the duration of follow-up ranged between 1
and 22 years. Included studies were published between 1995 and
2014.
Participants and setting
Twenty-five studies reported participants’ sex, and the mean pro-
portion of female participants was 32% (range 2.8% to 55.9%).
Across 14 studies, on average 40.7% (range 9.2% to 69.2%) of
participants had experience of recent or past homelessness, and
35% (range 18.2% to 90%) had experience of prison (12 studies).
The mean reported use of stimulants was 32.7% (range 0% to
75%, 19 studies) and amean of 50.5% (range 18.2% to 100%) re-
ported heroin use (13 studies). Across 14 studies a mean of 50.6%
of participants reported injecting daily (range 18.2% to 84%).
Most study participants were currently injecting at the time of
recruitment, with eligibility criteria for study participation stated
as: injection in the previous four weeks (Craine 2009; Hope 2011;
Hope 2015 [pers comm]; Judd 2015 [pers comm]; Nolan 2014;
Page 2015 [pers comm]; Patrick 2001; Spittal 2012; Thiede 2000;
Tsui 2014; Vallejo 2015), in the previous 3 months to 6 months
(Aitken 2015 [pers comm]; Bruneau 2015 [pers comm]; Hagan
1995;Maher 2015;Roy 2007;Ruan 2007;Thorpe 2002), or in the
previous 6 months to 12 months (Hagan 1999; Holtzman 2009;
Palmateer 2014a; White 2014). A few studies included PWID
who had injected at any time in the past (Lucidarme 2004, Mehta
2015 [pers comm]; Van Den Berg 2007), or they reported no
information on recency of injection (Crofts 1997; Rezza 1996;
Van Beek 1998).
Eight studies took place in the USA; five each in the UK, Canada
andAustralia; and one each in theNetherlands, France, Italy, Spain
and China.
Study size and method of recruitment
Sample size ranged from46 and 2788. Themethod of recruitment
primarily involved street outreach, in 13 studies (Craine 2009;
Crofts 1997; Hagan 1995; Hagan 1999; Lucidarme 2004; Page
2015 [pers comm]; Palmateer 2014a; Rezza 1996; Roy 2007;
Thiede 2000; Tsui 2014; Van Beek 1998; Van Den Berg 2007);
respondent-driven sampling, in 3 studies (Holtzman 2009; Hope
2011; Hope 2015 [pers comm]); and service attenders (both low-
threshold community services and drug treatment), in 12 studies
(Aitken 2015 [pers comm]; Bruneau 2015 [pers comm]; Judd
2015 [pers comm];Maher 2015;Mehta 2015 [pers comm];Nolan
2014; Patrick 2001; Ruan 2007; Spittal 2012; Thorpe 2002;
Vallejo 2015; White 2014). Most studies drew on a combination
of recruitment methods.
Types of interventions
Twenty-one of the included studies assessed the impact of OST
(Craine 2009; Crofts 1997; Lucidarme 2004; Nolan 2014;
Palmateer 2014a; Rezza 1996; Ruan 2007; Spittal 2012; Thiede
2000; Tsui 2014; Vallejo 2015; Van Beek 1998; Van Den
Berg 2007; White 2014), including seven unpublished estimates
(Aitken 2015 [pers comm]; Bruneau 2015 [pers comm]; Hope
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2015 [pers comm]; Judd 2015 [pers comm]; Maher 2015; Mehta
2015 [pers comm]; Page 2015 [pers comm]).
Current use of OST was defined as: reporting use of prescribed
methadone or buprenorphine within the previous six months (yes
or no) (Bruneau 2015 [pers comm]; Maher 2015; Nolan 2014;
Rezza 1996; White 2014); use for more than six months (Judd
2015 [pers comm]), use of methadone or buprenorphine at the
time of survey (Craine 2009; Hope 2015 [pers comm]; Mehta
2015 [pers comm]; Palmateer 2014a; Spittal 2012), or continu-
ous use of methadone throughout follow-up period (Crofts 1997;
Lucidarme 2004; Thiede 2000). Van Den Berg 2007 defined con-
tinuous use as daily use of methadone (any dosage) in the previous
six months, while Aitken 2015 [pers comm] defined it as in the
previous one month. Tsui 2014 used a three-month time frame to
measure use of OST (methadone or buprenorphine).
Seventeen studies assessed the impact ofNSP (Hagan 1995;Hagan
1999; Holtzman 2009; Hope 2011; Palmateer 2014a; Patrick
2001; Roy 2007; Thorpe 2002; Vallejo 2015; VanDenBerg 2007;
White 2014), including five unpublished sources (Bruneau 2015
[pers comm];Hope 2015 [pers comm];Maher 2015;Mehta 2015
[pers comm]; Page 2015 [pers comm]).
Bruneau 2015 [pers comm] defined high NSP coverage as obtain-
ing 100% of needles/syringes from a safe source (receiving one
clean needle for every injection), Hope 2011, Hope 2015 [pers
comm]and Van Den Berg 2007 defined it as reporting ≥100%
of injections using clean needles/syringes (receiving one or more
clean needle for every injection), and Palmateer 2014a defined it
as reporting ≥200% of injections with clean syringes (receiving
more than two clean needles for every injection). Other measures
of high coverage were defined as regular attendance at least once
per week at an NSP in Patrick 2001 or obtaining most needles/
syringes from an NSP in the last six months (Hagan 1999).
Low-level NSP coverage was defined as ever having used an NSP
(Hagan 1995), using NSPs in the previous one to six months
(Holtzman 2009; Maher 2015; Mehta 2015 [pers comm]; Page
2015 [pers comm]; Roy 2007; Thorpe 2002; White 2014), or
having less than 100% of injections covered by a clean needle/
syringe in the last six months (Hope 2011; Van Den Berg 2007).
Four studies assessed the impact of combined NSP with OST
(Hope 2011; Palmateer 2014a; Van Den Berg 2007), including
one unpublisheddata source (Bruneau 2015 [pers comm]). Studies
defined combined use of NSP plus OST in two ways: high NSP
coverage plus current use of OST (Bruneau 2015 [pers comm];
Hope 2011; Palmateer 2014a; Van Den Berg 2007), and OST use
plus low NSP coverage (Hope 2011; Palmateer 2014a; Van Den
Berg 2007). One study looked at the impact of uptake of injecting
paraphernalia (defined as spoons and filters) alone, with needles/
syringes and in combination with OST (Palmateer 2014a).
Excluded studies
See Characteristics of excluded studies.
We excluded 101 studies (104 articles). Grounds for exclusion
were: no outcome of interest assessed (43 studies); no intervention
of interest (32 studies); no comparison of interest (all participants
onOST, 9 studies); no outcome and no intervention of interest (11
studies); no outcome and no comparison of interest (4 studies);
and editorial or overview (2 studies).
Risk of bias in included studies
Bias due to baseline confounding
We judged 12 studies to be at moderate risk of bias due to con-
founding because they adjusted for critical confounders (duration
of injecting or age, and frequency of injecting) and used a suitable
analysis method (e.g. adjusted for time-varying confounding if ap-
propriate) (Bruneau 2015 [pers comm];Hagan 1999;Hope 2011;
Hope 2015 [pers comm]; Judd 2015 [pers comm]; Lucidarme
2004; Maher 2015; Mehta 2015 [pers comm]; Page 2015 [pers
comm]; Thiede 2000; Tsui 2014; White 2014). We judged 12
to be at serious risk because confounding was insufficiently ad-
dressed in the analyses (Craine 2009; Hagan 1995; Holtzman
2009; Nolan 2014; Palmateer 2014a; Patrick 2001; Rezza 1996;
Roy 2007; Spittal 2012; Thorpe 2002; Vallejo 2015; Van Den
Berg 2007). The four studies we assessed as being at critical risk
did not make any adjustment for confounding (Aitken 2015 [pers
comm]; Crofts 1997; Ruan 2007; Van Beek 1998).
Bias in the selection of participants into the study
We deemed five studies to be at moderate risk of bias because start
of follow-up and start of intervention coincided for all or most
subjects (Hope 2011; Hope 2015 [pers comm]; Patrick 2001;
Thiede 2000; Tsui 2014). We judged three studies to be at critical
risk of bias because selection into the study was strongly related to
intervention and outcome (Aitken 2015 [pers comm]; Judd 2015
[pers comm]; Ruan 2007). We considered the remaining studies
to be at serious risk of selection bias, largely because participants
may have already been exposed to the intervention prior to the
start of the study. For two studies (Mehta 2015 [pers comm]; Page
2015 [pers comm]), we did not have enough information to make
a judgment.
Bias in measurement of the intervention
We judged five studies to be at low risk of bias because intervention
status was well defined and based solely on information collected
at the time of intervention (Crofts 1997; Hagan 1999; Thiede
2000; Tsui 2014; Vallejo 2015). We deemed seven studies to be at
moderate risk because some aspects of the assignments of interven-
tion status were determined retrospectively (Bruneau 2015 [pers
comm]; Holtzman 2009; Nolan 2014; Palmateer 2014a; Spittal
2012; Van Den Berg 2007; White 2014). We considered Judd
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2015 [pers comm] to be at critical risk of bias because there was
considerable risk of misclassification of intervention status. We
judged the remaining studies to be at serious risk of selection bias
mainly because intervention status was not well defined. For two
studies (Mehta 2015 [pers comm]; Page 2015 [pers comm]), we
did not have enough information to make a judgment.
Blinding
Departures from intended interventions: none of the studies
provided information about co-interventions received by partici-
pants or changes in treatment, so we coded departures from in-
tended interventions as ’no information’ for all studies.
Measurement of outcomes: we deemed all but one study to be at
low risk of bias in relation to measurement of the outcome since
HCV seroconversion was laboratory-confirmed, and testing was
carried out at pre-defined time points, with no apparent differences
between intervention groups. InCrofts 1997, the risk was serious
because there may have been differential testing (for participants
not on methadone, the need for HCV testing was determined
according to the clinician’s judgment).
Incomplete outcome data
Six studies were at a low risk of bias because data were reasonably
complete (Hagan 1995; Hagan 1999; Hope 2011; Nolan 2014;
Spittal 2012; Thiede 2000), and two studies were at moderate
risk of bias because there were no substantial differences in the
proportions of missing data or in reasons for missing data across
intervention groups (Thorpe 2002; Tsui 2014). The eight stud-
ies at serious risk (Craine 2009; Crofts 1997; Lucidarme 2004;
Palmateer 2014a; Patrick 2001; Ruan 2007; Vallejo 2015; Van
Den Berg 2007), and the five at critical risk (Aitken 2015 [pers
comm]; Judd 2015 [pers comm]; Rezza 1996; Roy 2007; Van
Beek 1998), had substantial differences in either the proportions
of missing participants or the reasons for missing data across in-
terventions, and investigators did not adjust for these differences
in the analyses. Seven studies provided insufficient information
about missing data or the potential for data to bemissing (Bruneau
2015 [pers comm]; Holtzman 2009; Hope 2015 [pers comm];
Maher 2015; Mehta 2015 [pers comm]; Page 2015 [pers comm];
White 2014).
Selective reporting
We judged all studies to be at low risk for selective reporting as
the measure of the outcome of interest was clearly defined and
internally consistent. For one study (Aitken 2015 [pers comm]),
there was insufficient information for assessing reporting bias.
Overall risk of bias
We judged only 2 studies to be at moderate overall risk of bias
(Thiede 2000; Tsui 2014), while 17 were at serious overall risk
(Bruneau 2015 [pers comm]; Craine 2009; Hagan 1995; Hagan
1999; Holtzman 2009; Hope 2011; Lucidarme 2004; Maher
2015; Nolan 2014; Palmateer 2014a; Patrick 2001; Spittal 2012;
Thorpe 2002; Vallejo 2015; White 2014), and 7 were at critical
risk (Aitken 2015 [pers comm]; Crofts 1997; Judd 2015 [pers
comm]; Rezza 1996; Roy 2007; Ruan 2007; Van Beek 1998).
For two studies, we did not have enough information to make a
judgment (Mehta 2015 [pers comm]; Page 2015 [pers comm]).
This is summarised in Table 1.
Effects of interventions
See: Summary of findings for the main comparison Current
OST versus no OST for people who inject drugs; Summary of
findings 2 High NSP coverage versus no/low NSP coverage for
people who inject drugs; Summary of findings 3CombinedOST
and high NSP versus no OST and low/no NSP for people who
inject drugs
1. Current use of OST versus no current OST
Of the 20 studies that assessed the impact of OST on HCV in-
cidence, we pooled data from 17 studies that measured current
OST (Craine 2009; Crofts 1997; Lucidarme 2004; Nolan 2014;
Palmateer 2014a; Rezza 1996; Spittal 2012; Thiede 2000; Tsui
2014; Vallejo 2015; Van Den Berg 2007; White 2014), including
five unpublished estimates (Aitken 2015 [pers comm]; Bruneau
2015 [pers comm]; Hope 2015 [pers comm]; Judd 2015 [pers
comm]; Maher 2015).
Fourteen of the included studies were longitudinal studies, one
used a case-control study design (Rezza 1996), and two were cross-
sectional surveys (Hope 2015 [pers comm]; Palmateer 2014a).
A total of 1148 HCV incident cases were included over 6553.1
person-years of follow-up.
The primary analyses were focused on twelve studies present-
ing adjusted estimates. These analyses included the following ef-
fect measures: hazard ratios in six studies (Bruneau 2015 [pers
comm]; Lucidarme 2004; Maher 2015; Tsui 2014; White 2014),
odds ratios in five studies (Judd 2015 [pers comm]; Nolan 2014;
Palmateer 2014a; Rezza 1996; Thiede 2000), and incident rate
ratio in two studies (Craine 2009; Mehta 2015 [pers comm]).
Adjusted estimates controlled for potential confounding effects
of the following factors: duration and frequency of injection
(Bruneau 2015 [pers comm]; Judd 2015 [pers comm]); area of
residence, homelessness, sharing injecting equipment or needles
(Craine 2009); sex, geographical region, use of condoms, injec-
tion of cocaine, duration of injection, sharing injecting equipment
(Lucidarme 2004); duration of injection, frequency of injection
and age of whole cohort (Mehta 2015 [pers comm]); unstable
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housing, cocaine, heroin or methamphetamine injection, cohort
of recruitment, year of recruitment, follow-up time (Nolan 2014);
survey year, homelessness, stimulant injection, duration of injec-
tion (Palmateer 2014a); sex, age, duration of drug use, injection
of cocaine (Rezza 1996); age, duration of injection, sex, ethnic-
ity, homelessness or prison in the last 3 months (Tsui 2014); sex,
ethnicity, age, frequency of injecting and sharing needles/syringes
(White 2014); and injected at follow-up, pooled money to buy
drugs, injected with used needles and backloading (removing the
plunger from a syringe and filling it with drug solution from an-
other needle/syringe) (Thiede 2000).
Random-effects meta-analysis of multivariable estimates showed
that opioid substitution therapy was associated with a 50% re-
duction in the risk of HCV infection (RR 0.50 95% CI 0.40 to
0.63) with little heterogeneity between 12 studies involving 6361
participants (I2 = 0%, P = 0.89, Tau2 = 0.00; Analysis 1.1; Figure
2).
Figure 2. Forest plot of comparison: 1 Current OST versus no OST, outcome: 1.1 HCV incidence adjusted
analyses by region.
Sensitivity analysis
The intervention effect strengthened when we excluded estimates
from four unpublished data sources (Bruneau 2015 [pers comm];
Judd 2015 [pers comm];Maher 2015;Mehta 2015 [pers comm]):
RR 0.42 (95%CI 0.31 to0.58; Analysis 2.1; I2 = 0%, Tau2 = 0.00,
8 studies, N = 5235).
This effect was maintained when the analysis was limited to ex-
cluding Judd 2015 [pers comm] and Rezza 1996, judged to be at
critical risk of bias, and Mehta 2015 [pers comm], which reported
insufficient information to give an overall risk of bias assessment
(RR 0.51, 95% CI 0.40 to 0.64; Analysis 3.1 I2 = 0%, Tau2 =
0.00). The intervention effect was also unchanged when the analy-
sis excluded Palmateer 2014a and Rezza 1996, two cross-sectional
studies that reported baseline measures of effect only (RR 0.51,
95% CI 0.40 to 0.65; Analysis 4.1; I2 = 0.0%, Tau2 = 0.00, 10
studies, N = 3367).
Random-effects meta-analysis of 16 studies that presented unad-
justed estimates shows that current OST was associated with a
43% reduction in the risk of HCV acquisition (RR 0.57, 95%
CI 0.45 to 0.73; Analysis 5.1; 16 studies, N = 10,647), with only
moderate evidence of heterogeneity between studies (I2 = 32.4%,
P = 0.09, Tau2 = 0.08).
Meta-regression
Based on univariable meta-regression of unadjusted estimates, we
found no evidence that effectiveness varied by other covariates
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including geographical location (Analysis 1.1) or study design (
Analysis 1.2). We did find evidence of differential impact in the
proportion of female participants in the sample. With each 10%
increase of female participants in sample, the effect of intervention
exposure was reduced (ratio of rate ratios = 1.59, 95% CI 1.13 to
2.29; Table 2).
History of OST
Three studies published unadjusted estimates of lifetime use of
OST versus never using OST, comprising 115 HCV cases over
511.6 person-years from three prospective cohorts (Ruan 2007;
Vallejo 2015; Van Beek 1998). One study did not define the time
frame, so we coded it as lifetime experience of OST (Vallejo 2015).
Three studies published unadjusted estimates of interrupted OST
use versus no interruption of use (Crofts 1997; Nolan 2014;
Thiede 2000). Two of these studies were prospective cohorts and
one retrospective; they included a total of 200 HCV cases over
2273.8 person-years. Interrupted OST use was defined either as
use of MMT at baseline but not at follow-up (Nolan 2014), or
leavingMMT at least once during follow-up (Crofts 1997; Thiede
2000).
One prospective cohort study comprising 149 HCV cases over
680 person-years examined OST for detoxification (Tsui 2014),
and two studies measured high (60mg or more) or low dosage (less
than 60 mg) methadone in the last 6 months (Bruneau 2015 [pers
comm]; Van Den Berg 2007). Both these studies were prospective
cohorts and included 148 HCV cases over 598.6 person-years.
Random-effectsmeta-analysis showed a very weak protective effect
for lifetime (RR 0.81, 95% CI 0.52 to 1.27, I2 = 0%, Tau2 = 0.00,
3 studies, N = 385) or interrupted use of OST (RR 0.80, 95% CI
0.57 to 1.10, I2 = 86.1%, Tau2 = 0.05, 3 studies, N = 1157). The
one study measuring the impact of OST used for detoxification
was not associated with reduced HCV risk acquisition (RR 1.45,
95% CI 0.79 to 2.66, Tau2 = 0.00, N = 552). In the two studies
that categorised OST dosage and HCV acquisition, we found a
moderate association for those exposed to high dosage OST (RR
0.52, 95% CI 0.29 to 0.94, I2 = 27.2%, Tau2 = 0.05, N = 453)
and a very weak association for those exposed to low dosage OST
(RR 0.85, 95% CI 0.44 to 1.65; Analysis 1.3; I2 = 61.2%, Tau2
= 0.14, N = 453).
Publication bias
A funnel plot of 13 estimates (12 studies) suggested no evidence
of publication bias in studies of current OST exposure (Figure 3).
Figure 3. Funnel plot of comparison: 1 Current OST versus no OST, outcome: 1.1 HCV incidence adjusted
analyses by region.
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2. Needle syringe programmes versus lower or no
NSP coverage
Of the 15 studies that reported measures of NSP exposure and
HCV incidence, comparison groups consisted of NSP non-atten-
dance (Hagan 1995; Hagan 1999; Holtzman 2009; Maher 2015;
Mehta 2015 [pers comm]; Page 2015 [pers comm]; Patrick 2001;
Roy 2007; Thorpe 2002; Van Den Berg 2007), lower coverage of
injections covered by a clean needle/syringe (Hope 2011; Hope
2015 [pers comm]; Palmateer 2014a; Van Den Berg 2007), and
non-attendance at NSP and not using a safe source for obtaining
needles/syringes (Bruneau 2015 [pers comm]).
2.1 High coverage versus non-attendance or lower coverage
Five studies reported adjusted measures of high NSP coverage
and HCV incidence (Hagan 1999; Hope 2011; Palmateer 2014a;
Patrick 2001), including one unpublished dataset (Bruneau 2015
[pers comm]). Three were prospective cohorts (Bruneau 2015
[pers comm], Hagan 1999, Patrick 2001), and two were cross-
sectional surveys (Hope 2011; Palmateer 2014a), comprising 407
HCV cases over 1644 person-years. Effect measures used in these
studies included: hazard ratios in two studies (Bruneau 2015 [pers
comm], Patrick 2001), odds ratios in two studies (Hope 2011;
Palmateer 2014a), and risk ratio in one study (Hagan 1999).
Random-effects meta-analysis showed weak evidence that high
coverage NSP was not associated with reduced risk of HCV in-
fection (RR 0.79, 95% CI 0.39 to 1.61) derived from 5 studies
with 3530 participants and high heterogeneity between studies (I
2 =77%, P = 0.002, Tau2=0.44; Figure 4; Analysis 6.1).
Figure 4. Forest plot of comparison: 2 High NSP coverage versus no/low NSP coverage, outcome: 2.1 HCV
incidence adjusted analyses by region.
Sensitivity analyses
Evidence of any intervention effect became weaker after excluding
the unpublished dataset of Bruneau 2015 [pers comm] (RR 0.77,
95% CI 0.28 to 2.13; Analysis 7.1; Tau2 = 0.81, 4 studies, N =
3245). We did not rate any studies as being at critical risk of bias.
The intervention effect disappeared whenwe excludedHope 2011
and Palmateer 2014a, two cross-sectional studies (RR 1.25, 95%
CI 0.63 to 2.46; Analysis 8.1; I2 = 77.0%, Tau2 = 0.27, 3 studies,
N = 627).
Random-effects meta-analysis of seven studies that presented un-
adjusted estimates show that the weak intervention effect was un-
changed (RR 0.78, 95% CI 0.39 to 1.55; Analysis 9.1; I2 = 79%,
Tau2 = 0.72).
Meta-regression
Based on univariable meta-regression analyses, we found evidence
that the effectiveness of high NSP coverage varied according to
geographical region. High NSP coverage was associated with a
76% reduction in HCV acquisition risk (RR 0.24, 95% CI 0.09
to 0.62), with less heterogeneity between two European studies in
2903 participants (I2 = 0%, P = 0.66). There was no evidence of
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an intervention effect from studies in North America (RR 1.25,
95% CI 0.63 to 2.46; Analysis 6.1; I2 = 77%, 3 studies, N = 627;
Figure 4). There was some evidence of a differential impact in the
meta-regression analysis (ratio of rate ratios 3.73, 95% CI 0.95 to
14.7, P = 0.057; Table 3). Although univariable meta-regression
analysis suggested some association between high coverage of NSP
and study design (ratio of rate ratios 3.5, 95% CI 0.78 to 15.8, P
= 0.087), this was reduced when adjusted by geographical region
(ratio of rate ratios 1.7, 95%CI 0.18 to 16.9, P = 0.58), suggesting
any association is confounded by region (Analysis 6.2; Table 3).
2.2 Low-level coverage of NSP versus no NSP coverage
Six studies involving 2763 participants reported adjustedmeasures
of low-level NSP coverage and HCV incidence (Hagan 1995;
Hagan 1999; Holtzman 2009; Maher 2015; Mehta 2015 [pers
comm]; Page 2015 [pers comm]). Random-effects meta-analysis
showed no evidence of an intervention effect of low NSP coverage
on HCV risk acquisition, with moderate levels of heterogeneity
(RR 1.43, 95% CI 0.82 to 2.49; Analysis 10.1; I2 = 69.1%, Tau2
= 0.272).
Sensitivity analysis
Ten studies reported unadjusted measures of low-level NSP cover-
age and HCV incidence. Eight were prospective cohorts (Hagan
1999; Holtzman 2009; Maher 2015; Mehta 2015 [pers comm];
Page 2015 [pers comm];Thorpe 2002;VanDenBerg 2007;White
2014), and one was a case-control study (Hagan 1995). We ex-
cluded another prospective cohort study since it did not report
95% confidence intervals around the effect estimate, nor the num-
ber of new HCV cases in intervention and comparison groups
required to estimate it (Roy 2007). A total of 531 cases were in-
cluded in the analyses over 1617 person-years. Random-effects
meta-analysis showed no evidence of an intervention effect for low
NSP coverage on HCV risk acquisition, with moderate levels of
heterogeneity (RR 1.41 95% CI 0.95 to 2.09; Analysis 11.1; I2 =
62.3%, Tau2 = 0.19, 9 studies, N = 3242).
3. Combined needle syringe programmes plus opioid
substitution therapy versus low or no NSP coverage
and no OST
Four studies reported combined exposure to both NSPs and OST
(Hope 2011; Palmateer 2014a; VanDenBerg 2007) including one
unpublished dataset (Bruneau 2015 [pers comm]). The primary
analyses focused on three studies presenting adjusted estimates
(Bruneau 2015 [pers comm]; Palmateer 2014a; Van Den Berg
2007). A total of 511 HCV incident cases were included in the
analysis examining high NSP coverage, and 437 cases for lowNSP
coverage. Only one study reported the number of person-years
(Van Den Berg 2007).
Random-effects meta-analysis showed that combined use of OST
plus high coverage of NSP was associated with a 76% risk reduc-
tion in HCV acquisition (RR 0.26, 95% CI 0.07 to 0.89; Analysis
12.1; I2 = 80%, Tau2 = 0.94; 3 studies, N = 3241; Figure 5). The
effect of exposure to OST and low coverage of NSP was weaker
(RR 0.87, 95% CI 0.44 to 1.68; Analysis 12.1; I2 = 36.0%, Tau2
= 0.09; 2 studies, N = 2956 participants; Figure 5).
Figure 5. Forest plot of comparison: 4 Combined OST and high/low NSP versus no OST and low/no NSP,
outcome: 4.1 HCV incidence adjusted analyses.
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Sensitivity analysis
Four studies reported unadjusted estimates of combined expo-
sure to both NSPs and OST (Hope 2011; Palmateer 2014a; Van
Den Berg 2007) including one unpublished dataset (Bruneau
2015 [pers comm]). Twowere cross-sectional surveys (Hope 2011;
Palmateer 2014a), and two were prospective cohorts (Bruneau
2015 [pers comm]; Van Den Berg 2007). The analysis examining
high NSP coverage included a total of 518 HCV incident cases,
and the analysis for low NSP coverage, 449 cases. Random-effects
meta-analysis showed that combined use of OST plus high cov-
erage of NSP was associated with a 71% risk reduction in HCV
acquisition (RR 0.29, 95% CI 0.13 to 0.65, I2 = 64.4%, Tau2 =
0.07, 4 studies, N = 3356). The effect of exposure to OST and
low coverage of NSP was weaker (RR 0.76, 95% CI 0.44 to 1.33;
Analysis 12.2; I2 = 29.6%, Tau2 = 0.4, 3 studies, N = 2956).
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]
High NSP coverage versus no/ low NSP coverage
Patient or population: people who inject drugs
Settings: outpat ients
Intervention: high NSP coverage versus no/ low NSP coverage
Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)
No of participants
(studies)
Quality of the evidence
(GRADE)
Assumed risk Corresponding risk
No/ low NSP coverage High NSP coverage
HCV incidence adjusted
analyses
number of HCV seroconver-
sion
Follow-up: mean 269 per-
son-years
- - RR: 0.79 (0.39 to 1.61) 3530
(5 studies)
⊕©©©
Very lowa,b
* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).
CI: conf idence interval; NSP: needle syringe programmes; RR: risk rat io.
GRADE Working Group grades of evidence
High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect.
Moderate quality: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is
substant ially dif f erent.
Low quality: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect.
Very low quality: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect
aDowngraded one level due to serious overall risk of bias in all the studies.
bDowngraded one level due to signif icant heterogeneity: I2: 77%.
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Combined OST and highNSP versus no OST and low/no NSP
Patient or population: people who inject drugs
Settings: outpat ients
Intervention: Combined OST and high/ low NSP versus no OST and low/ no NSP
Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)
No of participants
(studies)
Quality of the evidence
(GRADE)
Assumed risk Corresponding risk
No OST and low/no NSP Combined OST and high
NSP
HCV incidence adjusted
analyses
number of HCV seroconver-
sions
Follow-up: mean 356 per-
son-years
- - RR: 0.26 (0.07 to 0.89) 3241
(3 studies)
⊕⊕⊕©
Lowa,b
* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).
CI: Conf idence interval; NSP: needle syringe programmes; OST : opioid subst itut ion therapy; RR: Risk rat io.
GRADE Working Group grades of evidence
High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect.
Moderate quality: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is
substant ially dif f erent.
Low quality: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect.
Very low quality: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect
aDowngraded one level due to serious overall risk of bias in all studies.
bUpgraded one level due to very large magnitude of the ef fect: RR: 0.26.
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D I S C U S S I O N
Summary of main results
Opioid substitution treatment (OST)
Primarymeta-analysis of 12 observational studies adjusting for key
confounders and enrolling 6361 anti-HCV negative participants
showed that current use of opioid substitution therapy reduced
the risk of HCV acquisition by 50% (95% CI 37% to 60%) com-
pared to no current OST use. The intervention effect is strong,
but the evidence is considered as low quality because it was derived
from observational studies with serious risk of bias. Nonetheless,
the findings were robust to sensitivity analyses excluding studies
judged to be at critical risk of bias; studies drawing on unpublished
data; case-control and cross-sectional studies only reporting base-
line data; and studies reporting only unadjusted estimates. There
was also no evidence of publication bias.
Meta-regression analysis suggested evidence of a differential im-
pact of OST by the proportion of female participants in the sam-
ple. With each 10% increase in female participants, the effect of
intervention exposure was reduced by 59%. None of the included
studies reported uptake of OST by sex to understand whether
individual-level analyses supported this evidence of a differential
intervention effect. Other epidemiological evidence suggests that
women are at increased risk of acquiring hepatitis C compared
to men (Esmaeli 2016; Iversen 2015; Miller 2004; Tracy 2014).
This increased risk has been linked to having a sexual partner who
also injects, being initiated into injection by a sexual partner be-
ing injected by others or consistently injecting after other people
with used needles/syringes (Bourgois 2004; Iversen 2015). Our
findings suggest that women may have poorer access to OST than
men, and this is supported by recent review work that suggests
services do not take into account gender-specific needs and are
often tailored towards men (Iversen 2015).
Only a few studies reported other types of exposure to OST: three
studies reported past exposure to OST; three reported interrupted
OSTuse; one study measuredOSTuse for detoxification; and two
studies measured high dosage (more than 60 mg) or low dosage
(1 to 59 mg) of methadone for daily use. Among these exposures,
only high dosage of OST was associated with a reduction in risk
of HCV acquisition.
Needle and syringe programmes (NSP)
Meta-analysis of five observational studies pooling adjusted esti-
mates from 3530 anti-HCV negative participants show low-qual-
ity evidence that high NSP exposure does not reduce the risk of
HCV acquisition. Selected sensitivity analyses increased the un-
certainty around the intervention effect.However,meta-regression
showed a strong association between intervention effect and re-
gion. After removing studies from North America, heterogeneity
was reduced, and high NSP coverage in Europe was associated
with a 76% (95% CI 38% to 91%) reduction in HCV acquisition
risk (RR 0.24, 95% CI 0.09 to 0.62).
Combined NSP and OST
Primary meta-analysis of three studies involving 3241 anti-HCV
negative participants and adjusting for confounders suggested a
strong intervention effect for combined high coverage of NSP and
OST, reducing the risk of HCV acquisition by 74% (95%CI 11%
to 93%) compared to no OST and low/no coverage with NSP.
The evidence is considered low quality because it was derived from
observational studies with serious risk of bias, and the few studies
identified precluded sensitivity analyses. Evidence for the combi-
nation of low coverage of NSP and OST was weaker. There were
fewer studies with information on both OST and NSP coverage,
and the studies represented a subset of people on OST (i.e. par-
ticipants who continue to inject drugs while on OST), with those
on low coverage NSP receiving an insufficient number of sterile
syringes per average frequency of injecting.
Overall completeness and applicability of
evidence
We found no historical RCT evidence that assessed the impact
of NSP or OST on HCV transmission. There was a larger body
of observational evidence that examined the effectiveness of NSPs
and OST in reducing HCV acquisition among PWID - but the
evidence was concentrated in few geographical areas and regions.
Most evidence came from North America and Western Europe.
Only one study was identified from China (Ruan 2007), and we
did not find any studies from Eastern Europe or Southeast Asia,
where there are the largest populations of PWID and hence the
highest burden of disease associated with bloodborne infections
(Gower 2014; Mathers 2008; Platt 2016).
Quality of the evidence
We assessed many studies included in the review as being at severe
risk of bias - with only two being at moderate overall risk and
seven at critical risk. Only a few studies reported the interven-
tion effect of high NSP coverage adjusting for confounders (5/7),
which limited the sensitivity analyses that we could conduct. The
GRADE assessment criteria takes RCTs to be the gold standard
study design, and observational studies are by default rated as low
quality, so the assessment begins low, despite this being the only
evidence available for examining this question. While certainty in
the results may be undermined by the lack of experimental stud-
ies, the intervention effect estimates for current use of OST were
consistent and robust across sensitivity analyses, and the size of
effect is high. GRADE guidelines also state that judgments about
the overall quality of evidence require information beyond the re-
sults of the review (GRADE 2004). Considering the wealth of
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supporting evidence showing the beneficial effects of OST in re-
ducing injecting harms, HIV and bacterial infections, and in im-
proving access to services, we are confident that the assessment
is fair (Hagan 2011; MacArthur 2012; Palmateer 2010; Turner
2011; Vickerman 2012; Vickerman 2014).
Potential biases in the review process
A potential bias in the review was the heterogeneity across the
studies in the use of multiple effect measures. Effect measures were
converted into risk ratios in the meta-analysis, but this may have
introduced bias into our findings since we had to assume that risk
ratios approximated odds ratios, which may be inappropriate for
some sites given the high incidence of HCV seroconversion. We
removed cross-sectional study designs that identified serological
markers of incidence infection as part of our sensitivity analysis.
Effect estimates remained the same for current use of OST versus
no intervention, but not for high coverage of NSPs. Nonetheless,
most studies recruited people who inject drugs currently or re-
cently, which may not be representative of all PWID exposed to
OST and may lead to an underestimation of the effect of OST
on HCV transmission. For example, in the Amsterdam cohort,
people who reported being on OST and having ceased injecting
had a lower risk of HCV transmssion (Van Den Berg 2007). An-
other potential bias is the use in three studies of HCVRNA testing
for anti-HCV negative samples to obtain an estimate of incidence
(Hope 2011; Hope 2015 [pers comm]; Palmateer 2014a). Poten-
tial limitations of this method include delayed or weak antibody
response due to a compromised immune system and uncertainty
around the incidence window period (Hope 2010). All included
studies estimating incidence from RNA samples used the same
formula and comparable window periods. We didn’t include any
studies that used avidity testing, minimising any further misclas-
sification of outcomes that that approach brings through the un-
certainty in window periods.
Agreements and disagreements with other
studies or reviews
Our review corroborates and underpins an earlier review that
showed consistent and large effects of NSP and OST on inject-
ing risk behaviours associated with bloodborne virus transmission
(Gowing 2011). Two recent reviews focused on the effectiveness
of OST and NSPs in reducing HCV incidence. Our findings cor-
roborate the most recent pooled analysis, which suggested that re-
ceiving OST and high coverage of NSP can each reduce HCV in-
fection risk alone but have a greater effect in combination (Turner
2011). The estimate for association between exposure to NSP and
HCV incidence was weak in the pooled analysis and was focused
on studies from theUK only. Findings from our subgroup analysis
suggested a stronger effect of high NSP coverage in Europe. This
finding builds directly on the Turner 2011 analysis through the
addition to the meta-analysis of the earlier Van Den Berg 2007
along with more recent studies and datasets (Hope 2015 [pers
comm]), and it strengthens the efficacy estimate for Europe sug-
gesting reduced risk of HCV acquisition (RR 0.24 95% CI 0.09
to 0.62). We found no effect of high NSP coverage when pooling
estimates from North America and greater heterogeneity across
the studies. This corroborates findings from another review that
found increased risk of seroconversion associated with NSP atten-
dance that relied on evidence predominantly fromNorth America
(Hagan 2011).
The lack of evidence for NSPs from studies in North America can
be attributed to a mixture of confounding, differences in inject-
ing patterns, potential selection bias and misclassification of expo-
sure. People who attend NSPs regularly also report greater inject-
ing risk behaviours, and any positive association between HCV
transmission and NSP attendance disappears after adjustment for
injecting risk. The effect of this residual confounding has been
demonstrated in further analyses of a cohort of PWID in Van-
couver, which demonstrated that higher HIV seroconversion rates
observed among daily NSP attenders were associated with high-
risk behaviours of attenders (including regular cocaine injection,
sex work involvement and homelessness) rather than use of the
NSP (Wood 2007). Likewise, a study in Seattle showed that peo-
ple who were homeless or who injected with used needle/syringes
were more likely to become new NSP users (Hagan 2000). The
higher proportion of stimulant injecting in North America also
means that the additional protective effect of OST is absent, which
may contribute to the impact of NSP on HCV risk in European
studies. Potential selection bias may occur since samples of cohort
studies are to some degree self-selected. Particularly when partici-
pants are lost to follow-up over time, they may be inherently dif-
ferent in terms of demographic characteristics and risk behaviours
that can influence the outcome. Misclassification of exposure may
also occur since it is difficult to make a clear distinction between
exposed and unexposed groups, and unexposed populations may
have access to clean needles/syringes through other sources than
NSPs. The European studies consistently used measures of NSP
exposure through coverage of injections by clean needles/syringes,
whereas the North American studies drew on varied definitions of
NSP use that focused on frequency of attendance at NSPs. Com-
parability in measurement of intervention exposure is reflected in
the higher heterogeneity observed among studies measuring ex-
posure to NSP (I2 = 77%, P = 0.002) compared to OST expo-
sure (I2 = 0%, P = 0.89). This is particularly relevant in relation
to measures of intervention exposure that focus on frequency of
attendance at an NSP rather than a measure of injections covered
by clean needle/syringes, and further explains the lack of effect be-
tween high NSP coverage and HCV incidence observed in North
America. It is also possible that the lack of effect of NSPs on HCV
transmission observed inNorth America is due to less frequent use
of NSPs. Previous evidence has shown that lack of federal funding
for NSPs in the USAhas resulted in lower coverage among PWID,
and this has been associated with higher HIV incidence than in
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other countries with higher NSP coverage (Wiessing 2009).
Findings also corroborate two recent systematic reviews that mea-
sured the impact of NSPs and OST on HIV transmission. These
previous analyses of 12 observational studies estimated a moderate
effect of NSPs on reducing HIV transmission by 48% (95% CI
3% to 72%) and strong evidence forOST reducingHIV transmis-
sion by 54% (95% CI 33% to 68%) (Aspinall 2014; MacArthur
2012).
A previous review of reviews from 2010 concluded that there was
insufficient evidence to assess the effectiveness of NSPs in reduc-
ing HCV incidence. This ’meta’ review synthesised findings from
four primary reviews, three of which focused primarily on HIV
as an outcome, missing much of the relevant data, and the fourth
predominantly relied on weaker study designs (Palmateer 2010).
A U T H O R S ’ C O N C L U S I O N S
Implications for practice
Opioid substitution treatment (OST) reduces the risk of HCV
acquisition in PWID. The evidence for the effectiveness of high
coverage needle syringe programmes (NSP)wasmoremixed - with
evidence from studies in Europe suggesting that NSP reduceHCV
transmission, but not in theUSA, probably due tomisclassification
of intervention exposure, selection bias of study participants and
unmeasured bias. The intervention effect is strengthened with the
combination of OST and high coverage NSP. The World Health
Organization (WHO), the Joint United Nations Programme on
HIV/AIDS, the United Nations Office on Drugs and Crime, the
European Centre for Disease Prevention and Control, and the
European Monitoring Centre for Drugs and Drug Addiction all
recommend OST and NSPs as key interventions for preventing
drug-related harm, including HCV transmission. Yet OST is not
widely implemented in many countries, prohibited in the Russian
Federation and often restricted by age or duration of dependency
prior to treatment entry (Mathers 2012).
Our findings show the need to remove restrictions on the con-
current use of both NSP and OST to maximise reduction
in HCV transmission. Distribution of needles/syringes through
NSPs needs to be maintained alongside provision of OST. NSP
and OST services need to recognise the role of gender and develop
appropriate policies and practice to encourage women to use ser-
vices addressing the specific injecting-related risk behaviours they
face and addressing other health and social welfare needs. We only
identified three studies that examined effectiveness of interrupted
use of OST, but effectiveness was reduced. Similarly, available ev-
idence to examine differences in effect by dosage was limited.
Implications for research
There is low-quality evidence demonstrating the effectiveness of
OST for reducing risk behaviour and transmission of HCV and
HIV. However, there is a need to understand the role of duration
of OST use in reducing the risk of both HIV and HCV. For NSPs,
evidence needs to be strengthened. There is a need for more con-
sistent measurement in the coverage of NSPs across epidemiolog-
ical studies to obtain better effect estimates for NSPs as well as
understanding how injection of stimulants or prescription opioids
changes their effectiveness. There is a need for better studies on
NSP impact in North America and for combining studies onOST
and NSP implementation and roll-out and effect on HCV trans-
mission in general in low- and middle-income countries. Given
the body of observational evidence on effect of OST and NSP on
reducing HIV, HCV incidence and other injecting related harms,
it is not ethical to individually randomise exposure to OST or
NSP, so future trial evidence can only be derived from cluster-
randomised controlled trials or stepped wedge design. Current
guidance means that the quality of the evidence will typically be
assessed as low.
Research direction also needs to turn to implementation and un-
derstanding how NSPs and OST can be scaled up and delivered
more effectively to better respond to the health needs of PWID,
which requires observational study designs. We know that effec-
tiveness of NSP varies by geographical location, but without the
provision of counselling (psychosocial and voluntary counselling
and testing for HIV and HCV), education and drug treatment
services like opioid substitution therapy, NSPs are insufficient to
reduce epidemics of HIV and HCV in PWID (Strathdee 1997;
Vickerman 2012). More detailed assessments should examine ser-
vice delivery and their cost-effectiveness in order to ensure exist-
ing services are maintained and to promote the introduction and
scale-up of services in countries and settings with emerging or
growing epidemics of injecting and opioid drug use. This line of
research can shed light on the pathways between contextual fac-
tors and mechanisms of service delivery, and the extent to which
these influence effectiveness across different outcomes. For exam-
ple, HIV and HCV epidemics continue unchecked in Eastern Eu-
rope despite implemention of OST and NSP in some countries
(Vickerman 2014). Epidemics are growing in countries in sub-
Saharan Africa, including Tanzania and Kenya, where OST is cur-
rently being implemented, but there has been little formal evalua-
tion of different models of delivery; specific economic, social and
political contexts; and the impact of specific epidemiology of HIV
and HCV. Further, we identified only one study conducted in
a middle-income country (China) and no studies in low-income
countries. There was insufficient evidence to examine differences
in effectiveness by NSP modality or setting of OST. This reflects
a lack of evaluation of provision of OST or NSP in other settings.
Further research is needed to examine how the effect of NSP dif-
fers by service modality, including pharmacies, mobile clinics or
outreach services. Similarly, research into the effectiveness of OST
delivered in specialist services, community settings and prisons is
needed.
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While evidence for the combined effect of OST and high NSP
coverage is stronger, we only identified four studies, and only three
of those adjusted for confounders. Further evidence is needed to
understand how effectiveness may differ by modality, duration
of OST as well as impact on other health outcomes associated
with injecting drug use, including bacterial infections and mental
health, among others. Given the low quality of evidence, there is a
need to improve transparency and consistency in reporting of ob-
servational studies to facilitate systematic reviews of observational
studies.
A C K N OW L E D G E M E N T S
We thank Shruti Mehta, Thomas Kerr, Meghan Morris and Ali
Judd for access to unpublished data and providing measures of
association between the interventions and HCV risk acquisition
that were used in the analysis. We thank Zuzana Mitrova for her
support with the searches. We thank Julian Higgins for his advice
on the use of the ACROBAT ’Risk of bias’ assessment tool and
statistical advice on the options for pooling different observational
study designs.
R E F E R E N C E S
References to studies included in this review
Aitken 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Paul Dietz 1st November 2016.
Bruneau 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Julie Bruneau 1st November 2016.
Craine 2009 {published data only}
Craine N, Hickman M, Parry JV, Smith J, Walker AM,
Russell D, et al. Incidence of hepatitis C in drug injectors:
the role of homelessness, opiate substitution treatment,
equipment sharing, and community size. Epidemiology and
Infection 2009;137(9):1255–65.
Crofts 1997 {published data only}
Crofts N, Nigro L, Oman K, Stevenson E, Sherman J.
Methadone maintenance and hepatitis C virus infection
among injecting drug users. Addiction 1997;92(8):
999–1005.
Hagan 1995 {published data only}
Hagan H, Des Jarlais DC, Friedman SR, Purchase D,
Alter MJ. Reduced risk of hepatitis B and hepatitis C
among injection drug users in the Tacoma syringe exchange
program. American Journal of Public Health 1995;85(11):
1531–7.
Hagan 1999 {published data only}
Hagan H, McGough JP, Thiede H, Weiss NS, Hopkins S,
Alexander ER. Syringe exchange and risk of infection with
hepatitis B and C viruses. American Journal of Epidemiology
1999;149(3):203–13.
Holtzman 2009 {published data only}
Holtzman D, Barry V, Ouellet LJ, Des Jarlais DC, Vlahov
D, Golub ET, et al. The influence of needle exchange
programs on injection risk behaviors and infection with
hepatitis C virus among young injection drug users in select
cities in the United States, 1994-2004. Preventive Medicine
2009;49(1):68–73.
Hope 2011 {published data only}
Hope VD, HickmanM, Ngui SL, Jones S, Telfer M, Bizzarri
M, et al. Measuring the incidence, prevalence and genetic
relatedness of hepatitis C infections among a community
recruited sample of injecting drug users, using dried blood
spots. Journal of Viral Hepatitis 2011;18(4):262–70.
Hope 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Vivian Hope 1st November 2015.
Judd 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Ali Judd 1st November 2015.
Lucidarme 2004 {published data only}
Bruandet A, Lucidarme D, Decoster A, Ilef D, Harbonnier
J, Jacob C, et al. Incidence and risk factors of HCV
infection in a cohort of intravenous drug users in the North
and East of France [Incidence et facteurs de risque de la
seroconversion au virus de l’hepatite C dans une cohorte
d’usagers de drogue intraveineux du nord–est de la France].
Revue d’Epidemiologie et de Sante Publique 2006;54(HS1):
1S15–22.
∗ Lucidarme D, Bruandet A, Ilef D, Harbonnier J, Jacob C,
Decoster A, et al. Incidence and risk factors of HCV and
HIV infections in a cohort of intravenous drug users in the
North and East of France. Epidemiology and Infection 2004;
132(4):699–708.
Maher 2015 {unpublished data only}
Unpublished dataset [pers comm]. Email to: Meghan
Morris 1st November 2016.
Mehta 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Shruti Mehta 1st November 2015.
Nolan 2014 {published data only}
Nolan S, Dias Lima V, Fairbairn N, Kerr T, Montaner J,
Grebely J, et al. The impact of methadone maintenance
therapy on hepatitis C incidence among illicit drug users.
Addiction 2014;109(12):2053–9.
Page 2015 [pers comm] {unpublished data only}
Unpublished dataset [personal communication]. Email to:
Kimberly Page 1st November 2015.
Palmateer 2014a {published data only}
Allen EJ, Palmateer NE, Hutchinson SJ, Cameron S,
Goldberg DJ, Taylor A. Association between harm reduction
intervention uptake and recent hepatitis C infection among
25Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
people who inject drugs attending sites that provide sterile
injecting equipment in Scotland. International Journal on
Drug Policy 2012;23(5):346–52.
Palmateer N, Taylor A, Goldberg DJ, Munro A, Aitken C,
Shepherd SJ, et al. Risk of transmission associated with
sharing drug injecting paraphernalia: Analysis of recent
hepatitis C virus (HCV) infection using cross-sectional
survey data. Journal of Viral Hepatitis 2014;21(1):25–32.
∗ Palmateer NE, Taylor A, Goldberg DJ, Munro A, Aitken
C, Shepherd SJ, et al. Rapid decline in HCV incidence
among people who inject drugs associated with national
scale-up in coverage of a combination of harm reduction
interventions. PLOS ONE 2014;9(8):e104515.
Patrick 2001 {published data only}
Patrick DM, Tyndall MW, Cornelisse PGA, Li K, Sherlock
CH, Rekart ML, et al. Incidence of hepatitis C virus
infection among injection drug users during an outbreak of
HIV infection. Canadian Medical Association Journal 2001;
165(7):889–95.
Rezza 1996 {published data only}
Rezza G, Sagliocca L, Zaccarelli M, Nespoli M, Siconolfi
M, Baldassarre C. Incidence rate and risk factors for HCV
seroconversion among injecting drug users in an area with
low HIV seroprevalence. Scandinavian Journal of Infectious
Diseases 1996;28(1):27–9.
Roy 2007 {published data only}
Roy E, Alary M,Morissette C, Leclerc P, Boudreau JF, Parent
R, et al. High hepatitis C virus prevalence and incidence
among Canadian intravenous drug users. International
Journal of STD & AIDS 2007;18(1):23–7.
Ruan 2007 {published data only}
Ruan Y, Qin G, Yin L, Chen K, Qian H-Z, Hao C, et
al. Incidence of HIV, hepatitis C and hepatitis B viruses
among injection drug users in southwestern China: A 3-
year follow-up study. AIDS 2007;21(Suppl 8):S39–46.
Spittal 2012 {published data only}
Spittal PM, Pearce ME, Chavoshi N, Christian WM,
Moniruzzaman A, Teegee M, et al. The Cedar Project: high
incidence of HCV infections in a longitudinal study of
young Aboriginal people who use drugs in two Canadian
cities. BMC Public Health 2012;12:632.
Thiede 2000 {published data only}
Thiede H, Hagan H, Murrill CS. Methadone treatment and
HIV and hepatitis B and C risk reduction among injectors
in the Seattle area.. Journal of Urban Health 2000;77(3):
331–45.
Thorpe 2002 {published data only}
Thorpe LE, Ouellet LJ, Hershow R, Bailey SL, Williams
IT, Williamson J, et al. Risk of hepatitis C virus infection
among young adult injection drug users who share injection
equipment. American Journal of Epidemiology 2002;155(7):
645–53.
Tsui 2014 {published data only}
Tsui JI, Evans JL, Lum PJ, Hahn JA, Page K. Association of
opioid agonist therapy with lower incidence of hepatitis C
virus infection in young adult injection drug users. JAMA
Internal Medicine 2014;174(12):1974–81.
Vallejo 2015 {published data only}
Vallejo F, Barrio G, Brugal MT, Pulido J, Toro C, Sordo
L, et al. High hepatitis C virus prevalence and incidence
in a community cohort of young heroin injectors in a
context of extensive harm reduction programmes. Journal of
Epidemiology & Community Health 2015;69(6):599–603.
Van Beek 1998 {published data only}
Van Beek I, Dwyer R, Dore G J, Luo K, Kaldor JM.
Infection with HIV and hepatitis C virus among injecting
drug users in a prevention setting: retrospective cohort
study. BMJ 1998;317(7156):433–7.
Van Den Berg 2007 {published data only}
Van Den Berg C, Smit C, Van Brussel G, Coutinho R, Prins
M. Full participation in harm reduction programmes is
associated with decreased risk for human immunodeficiency
virus and hepatitis C virus: evidence from the Amsterdam
Cohort Studies among drug users. Addiction 2007;102(9):
1454–62.
White 2014 {published data only}
White B, Dore GJ, Lloyd AR, Rawlinson WD, Maher L.
Opioid substitution therapy protects against hepatitis C
virus acquisition in people who inject drugs: the HITS-c
study. Medical Journal of Australia 2014;201(6):326–9.
References to studies excluded from this review
Aubisson 2006 {published data only}
Aubisson S, Carrieri P, Lovell A-M, Ben Diane M-K, Peretti-
Watel P, Spire B. New tools for preventing and evaluating
risk practices for hepatitis C transmission among injection
drug users: some reflections on injection rooms and the
measurement of risk-taking behaviors [Quels nouveaux
outils pour prevenir et evaluer les pratiques a risque chez les
injecteurs de drogue face au VHC? Reflexions sur les salles
d’injection et les outils de mesure des prises de risques].
Revue d’Epidemiologie et de Sante Publique 2006;54(Spec No
1):1S69–75.
Azim 2005 {published data only}
Azim T, Hussein N, Kelly R. Effectiveness of harm
reduction programmes for injecting drug users in Dhaka
city. Harm Reduction Journal 2005;2:22.
Bayoumi 2008 {published data only}
Bayoumi AM, Zaric GS. The cost-effectiveness of
Vancouver’s supervised injection facility. CMAJ 2008;179:
1143–51.
Burt 2007 {published data only}
Burt RD, Hagan H, Garfein RS, Sabin K, Weinbaum C,
Thiede H. Trends in hepatitis B virus, hepatitis C virus, and
human immunodeficiency virus prevalence, risk behaviors,
and preventive measures among Seattle injection drug users
aged 18-30 years, 1994-2004. Urban Health 2007;84(3):
436–54.
Buxton 2010 {published data only}
Buxton JA, Kuo ME, Ramji S, Yu A, Krajden M.
Methadone use in relation to hepatitis C virus testing in
26Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
British Columbia. Canadian Journal of Public Health. Revue
Canadienne de Sante Publique 2010;101(6):491–4.
Collins 2009 {published data only}
Collins R, Ewing D, Boggs B, Patterson D. Opiate
substitution prescribing in Belfast - two year follow up
study. Irish Journal of Psychological Medicine 2009;26(4):
183–6.
Cox 2000 {published data only}
Cox GM, Lawless MC, Cassin SP, Geoghegan TW. Syringe
exchanges: a public health response to problem drug use.
Irish Medical Journal 2000;93(5):143–6.
Crofts 1993 {published data only}
Crofts N, Hopper JL, Bowden DS, Breschkin AM, Milner
R, Locarnini SA. Hepatitis C virus infection among a
cohort of Victorian injecting drug users. Medical Journal of
Australia 1993;159(4):237–41.
Des Jarlais 2005 {published data only}
Des Jarlais DC, Perlis T, Arasteh K, Torian LV, Hagan H,
Beatrice S, et al. Reductions in hepatitis C virus and HIV
infections among injecting drug users in New York City,
1990-2001. AIDS 2005;19:S20–5.
Des Jarlais 2007 {published data only}
Des Jarlais DC, Arasteh K, Perlis T, Hagan H, Abdul-
Quader A, Heckathorn DD, et al. Convergence of HIV
seroprevalence among injecting and non-injecting drug
users in New York City. AIDS 2007;21(2):231–5.
De Vos 2012 {published data only}
De Vos AS, Van Der Helm JJ, Prins M, Kretzschmar MEE.
Decline in incidence of HIV and hepatitis C virus infection
among injecting drug users in Amsterdam: Evidence for
harm reduction?. Journal of the International AIDS Society
2012;15:78.
Dubois-Arber 2008 {published data only}
Dubois-Arber F, Balthasar H, Huissoud T, Zobel F, Arnaud
S, Samitca S, et al. Trends in drug consumption and risk of
transmission of HIV and hepatitis C virus among injecting
drug users in Switzerland, 1993-2006. Euro Surveillance:
Bulletin Europeen sur les Maladies Transmissibles = European
Communicable Disease Bulletin 2008;13:22. Erratum in:
Euro Surveill. 2008 May 29;13(22). pii: 18887.
Emmanuelli 2005 {published data only}
Emmanuelli J, Desenclos J-C. “Harm reduction
interventions, behaviours and associated health outcomes in
France, 1996-2003”: Corrigendum. Addiction 2006;101
(4):616.
Emmanuelli J, Desenclos J-C. Harm reduction
interventions, behaviours and associated health outcomes in
France, 1996-2003. Addiction 2005;100(11):1690–700.
Esteban 2003 {published data only}
Esteban J, Gimeno C, Aragones A, Barril J, de la Cruz Pellin
M. Prevalence of infection by HIV and hepatitis C virus in
a cohort of patients on methadone treatment [Prevalencia
de infeccion por virus de la inmunodeficiencia humana y
hepatitis C en una cohorte de pacientes en tratamiento de
mantenimiento con metadona]. Medicina Clinica 2003;120
(20):765–7.
Falster 2009 {published data only}
Falster K, Kaldor JM,Maher L. Hepatitis C virus acquisition
among injecting drug users: a cohort analysis of a national
repeated cross-sectional survey of needle and syringe
program attendees in Australia, 1995-2004. Urban Health
2009;86:106–18.
Fatseas 2012 {published data only}
Fatseas M, Denis C, Serre F, Dubernet J, Daulouede JP,
Auriacombe M. Change in HIV-HCV risk-taking behavior
and seroprevalence among opiate users seeking treatment
over an 11-year period and harm reduction policy. AIDS
and Behavior 2012;16(7):2082–90.
Fhima 2001 {published data only}
Fhima A, Henrion R, Lowenstein W, Charpak Y. Two-year
follow-up of an opioid-user cohort treated with high-dose
buprenorphine (Subutex) [Suivi a 2 ans d’une cohorte de
patients dependants aux opiaces traites par buprenorphine
haut dosage (Subutex)]. Annales De Medecine Interne (Paris)
2001;152(Suppl 3):IS26–36.
Fudala 2003 {published data only}
Fudala PJ, Bridge TP, Herbert S, Williford WO,
Chiang CN, Jones K, et al. Office-based treatment of
opiate addiction with a sublingual-tablet formulation of
buprenorphine and naloxone. New England Journal of
Medicine 2003;349(10):949–58.
Fuller 2004 {published data only}
Fuller CM, Ompad DC, Galea S, Wu Y, Koblin B, Vlahov
D. Hepatitis C incidence--a comparison between injection
and noninjection drug users in New York City. Journal of
Urban Health 2004;81(1):20–4.
Galeazzl 1995 {published data only}
Galeazzl B, Tufano A, Barbierato E, Bortolotti F. Hepatitis
C virus infection in Italian intravenous drug users:
Epidemiological and clinical aspects. Liver 1995;15(4):
209–12.
Gambashidze 2008 {published data only}
Gambashidze N, Sikharulidze Z, Piralishvili G, Gvakharia
N. Evaluation of pilot methadone maintenance therapy
in Georgia (Caucasus). Georgian Medical News 2008;N/A
(160-1):25–30.
Garfein 1998 {published data only}
Garfein RS, Doherty MC, Monterroso ER, Thomas DL,
Nelson KE, Vlahov D. Prevalence and incidence of hepatitis
C virus infection among young adult injection drug users.
Journal of Acquired Immune Deficiency Syndromes 1998;18
(Suppl 1):S11–9.
Garfein 2007 {published data only}
Garfein RS, Golub ET, Greenberg AE, Hagan H, Hanson
DL, Hudson SM, et al. A peer-education intervention to
reduce injection risk behaviors for HIV and hepatitis C
virus infection in young injection drug users. AIDS 2007;
21(14):1923–32.
Garten 2004 {published data only}
Garten RJ, Lai S, Zhang J, Liu W, Chen J, Vlahov D, et
al. Rapid transmission of hepatitis C virus among young
27Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
injecting heroin users in Southern China. International
Journal of Epidemiology 2004;33(1):182–8.
Gervasoni 2012 {published data only}
Gervasoni J-P, Balthasar H, Huissoud T, Jeannin A, Dubois-
Arber F. A high proportion of users of low-threshold
facilities with needle exchange programmes in Switzerland
are currently on methadone treatment: Implications for
new approaches in harm reduction and care. International
Journal on Drug Policy 2012;23(1):33–6.
Goldberg 1998 {published data only}
Goldberg D, Cameron S, McMenamin J. Hepatitis C virus
antibody prevalence among injecting drug users in Glasgow
has fallen but remains high. Communicable Disease and
Public Health 1998;1(2):95–7.
Goldberg 2001 {published data only}
Goldberg D, Burns S, Taylor A, Cameron S, Hargreaves D,
Hutchinson S. Trends in HCV prevalence among injecting
drug users in Glasgow and Edinburgh during the era of
needle/syringe exchange. Scandinavian Journal of Infectious
Diseases 2001;33(6):457–61.
Goswami 2014 {published data only}
Goswami P, Medhi GK, Armstrong G, Setia MS, Mathew S,
Thongamba G, et al. An assessment of an HIV prevention
intervention among People Who Inject Drugs in the states
of Manipur and Nagaland, India. International Journal on
Drug Policy 2014;25(5):853–64.
Grebely 2013 {published data only}
Grebely J, Bruggmann P, Backmund M, Dore G J.
Prevention and management of hepatitis C virus infection
among people who inject drugs: moving the agenda
forward. International Symposium on Hepatitis in
Substance Users, Brussels, Belgium, 15-16 September 2011.
Clinical Infectious Diseases 2013;57:S29–S137.
Grebely 2014 {published data only}
Grebely J, Lima VD, Marshall BDL, Milloy M-J, DeBeck
K, Montaner J, et al. Declining incidence of hepatitis
C virus infection among people who inject drugs in a
Canadian setting, 1996-2012. PLOS ONE 2014;9(6):
e97726. [DOI: 10.1371/journal.pone.0097726]
Guadagnino 1995 {published data only}
Guadagnino V, Zimatore G, Izzi A, Caroleo B, Rocca A,
Montesano F, et al. Relevance of intravenous cocaine use
in relation to prevalence of HIV, hepatitis B and C virus
markers among intravenous drug abusers in southern Italy.
Journal of Clinical & Laboratory Immunology 1995;47(1):
1–9.
Hagan 2000 {published data only}
Hagan H, Mcgough JP, Thiede H, Hopkins SG, Weiss
N S, Alexander ER. Volunteer bias in nonrandomized
evaluations of the efficacy of needle-exchange programs.
Journal of Urban Health-Bulletin of the New York Academy of
Medicine 2000;77(1):103–12.
Heimer 1999 {published data only}
Heimer R. Syringe exchange programs: lowering the
transmission of syringe-borne diseases and beyond. Public
Health 1999;113(Suppl 1):67–74.
Higgs 2012 {published data only}
Higgs P, Aitken C, Cogger S, Papanastasiou C, Dietze P.
Hepatitis C incidence in the Melbourne injecting drug user
cohort study: 2009-2012. Drug and Alcohol Review 2012;
31:33.
Jackson 2014 {published data only}
Jackson JB, Wei L, Liping F, Aramrattana A, Celentano
DD, Walshe L, et al. Prevalence and seroincidence of
hepatitis B and hepatitis C infection in high risk people
who inject drugs in China and Thailand. Hepatitis Research
and Treatment 2014;2014:296958. [DOI: 10.1155/2014/
296958]
Javanbakht 2014 {published data only}
Javanbakht M, Mirahmadizadeh A, Mashayekhi A.
The long-term effectiveness of methadone maintenance
treatment in prevention of hepatitis C virus among illicit
drug users: a modeling study. Iranian Red Crescent Medical
Journal 2014;16(2):e13484. [DOI: 10.5812/ircmj.13484]
Judd 2005 {published data only}
Judd A, Hickman M, Jones S, McDonald T, Parry JV,
Stimson GV, et al. Incidence of hepatitis C virus and HIV
among new injecting drug users in London: prospective
cohort study. BMJ 2005;330(7481):24–5.
Kwon 2009 {published data only}
Kwon JA, Iversen J, Maher L, Law MG, Wilson DP. The
impact of needle and syringe programs on HIV and HCV
transmissions in injecting drug users in Australia: a model-
based analysis. Journal of Acquired Immune Deficiency
Syndromes 2009;51(4):462–9.
Lai 2001 {published data only}
Lai S, Liu W, Chen J, Yang J, Li Z-J, Li R-J, et al. Changes
in HIV-1 incidence in heroin users in Guangxi Province,
China. Journal of Acquired Immune Deficiency Syndromes
2001;26(4):365–70.
Larney 2015 {published data only}
Larney S, Grebely J, Falster M, Swart A, Amin J, Degenhardt
L, et al. Opioid substitution therapy is associated with
increased detection of hepatitis C virus infection: a 15-year
observational cohort study. Drug and Alcohol Dependence
2015;148:213–6.
Mansson 2000 {published data only}
Mansson AS, Moestrup T, Nordenfelt E, Widell A.
Continued transmission of hepatitis B and C viruses, but
no transmission of human immunodeficiency virus among
intravenous drug users participating in a syringe/needle
exchange program. Scandinavian Journal of Infectious
Diseases 2000;32(3):253–8.
Mikolajczyk 2013 {published data only}
Mikolajczyk R, Prins M, Wiesing L, Kretzschmar M.
Trajectories of injecting behaviour in the Amsterdam
Cohort Study among drug users. European Journal of
Epidemiology 2013;28:S13–4.
Moshkovich 2000 {published data only}
Moshkovich GF, Pikovskaia ED, Fedotova NV, Shilov
DV, Kuznetsov AV, Moiseev AP. The prevention of
28Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
HIV infection and other blood-contact diseases among
intravenous narcotic users in Nizhniy Novgorod within the
framework of the Harm Reduction program [Profilaktika
VICh–infektsii i drugikh gemokontaktnykh zabolevanii
sredi potrebitelei vnutrivennykh narkotikov Nizhnego
Novgoroda v ramkakh programmy “Snizhenie vreda”].
Zhurnal Mikrobiologii, Epidemiologii, i Immunobiologii
2000, (4):78–82.
Muga 2006 {published data only}
Muga R, Sanvisens A, Bolao F, Tor J, Santesmases J, Pujol
R, et al. Significant reductions of HIV prevalence but not
of hepatitis C virus infections in injection drug users from
metropolitan Barcelona: 1987-2001. Drug and Alcohol
Dependence 2006;82:S29–33.
Nasir 2011 {published data only}
Nasir A, Todd CS, Stanekzai MR, Bautista CT, Botros
BA, Scott PT, et al. Implications of hepatitis C viremia
vs. antibody alone on transmission among male injecting
drug users in three Afghan cities. International Journal of
Infectious Diseases 2011;15(3):e201–5.
Page 2009 {published data only}
Page K, Hahn JA, Evans J, Shiboski S, Lum P, Delwart E, et
al. Acute hepatitis C virus infection in young adult injection
drug users: a prospective study of incident infection,
resolution, and reinfection. Journal of Infectious Diseases
2009;200(8):1216–26.
Page 2013 {published data only}
Page K, Osburn W, Evans J, Hahn J, Cox A, Busch M.
Controlling hepatitis C virus (HCV): reinfection and
intercalation and clearance of viremia in highly exposed
young injectors. Journal of Hepatology 2011;54:S463.
Page K, Osburn W, Evans J, Hahn JA, Lum P, Asher A,
et al. Frequent longitudinal sampling of hepatitis C virus
infection in injection drug users reveals intermittently
detectable viremia and reinfection. Clinical Infectious
Diseases 2013;56(3):405–13.
Palmateer 2014b {published data only}
Palmateer N, Hutchinson S, McAllister G, Munro A,
Cameron S, Goldberg D, et al. Risk of transmission
associated with sharing drug injecting paraphernalia:
analysis of recent hepatitis C virus (HCV) infection using
cross-sectional survey data. Journal of Viral Hepatitis 2014;
21(1):25–32.
Paquette 2010 {published data only}
Paquette C, Roy E, Petit G, Boivin J-F. Predictors of crack
cocaine initiation among Montreal street youth: a first look
at the phenomenon. Drug and Alcohol Dependence 2010;
110(1-2):85–91.
Parrino 2003 {published data only}
Parrino MW. Drug Court Fact Sheet: methadone
maintenance and other pharmacotherapeutic interventions
in the treatment of opioid dependence. Journal of
Maintenance in the Addictions 2003;2:85–93.
Pedrana 2009 {published data only}
Pedrana A, Aitken C, Higgs P, Spelman T, Bowden S,
Bharadwaj M, et al. High incidence of hepatitis C virus
resolution and reinfection in a cohort of injecting drugs
users. Drug and Alcohol Review 2009;28:A50–1.
Peles 2011 {published data only}
Peles E, Schreiber S, Rados V, Adelson M. Low risk for
hepatitis C seroconversion in methadone maintenance
treatment. Journal of AddictionMedicine 2011;5(3):214–20.
Pollack 2001 {published data only}
Pollack HA. Cost-effectiveness of harm reduction in
preventing hepatitis C among injection drug users. Medical
Decision Making 2001;21(5):357–67.
Pratt 2002 {published data only}
Pratt Udeagu CCN, Paone D, Carter R J, Layton M C.
Hepatitis C screening and management practices: a survey
of drug treatment and syringe exchange programs in New
York City. American Journal of Public Health 2002;92(8):
1254–6.
Robotin 2004 {published data only}
Robotin MC, Copland J, Tallis G, Coleman D, Giele C,
Carter L, et al. Surveillance for newly acquired hepatitis
C in Australia. Journal of Gastroenterology and Hepatology
2004;19:283–8.
Rohrig 1990 {published data only}
Rohrig S, Grob PJ. Infection with hepatitis viruses HAV,
HBV and HCV as well as with AIDS virus HIV in drug
addicts of the Zurich street scene--a prevalence study
[Infektionen mit den Hepatitisviren HAV, HBV und HCV
sowie mit dem Aidsvirus HIV bei Drogenabhangigen
der Gassenszene Zurichs—-eine Pravalenzstudie].
Schweizerische Medizinische Wochenschrift 1990;120(17):
621–9.
Roux 2012 {published data only}
Roux P, Michel L, Cohen J, Mora M, Morel A, Aubertin
JF, et al. Methadone induction in primary care (ANRS-
Methaville): a phase III randomized intervention trial.
BMC Public Health 2012;12:488.
Roux 2014 {published data only}
Roux P, Lions C, Michel L, Mora M, Daulouede J P,
Marcellin F, et al. Factors associated with HCV risk practices
in methadone-maintained patients: the importance
of considering the couple in prevention interventions.
Substance Abuse Treatment, Prevention, and Policy 2014;9:37.
Roy 2009 {published data only}
Roy E, Boudreau J-F, Boivin J-F. Hepatitis C virus incidence
among young street-involved IDUs in relation to injection
experience. Drug and Alcohol Dependence 2009;102(1-3):
158–61.
Roy 2012 {published data only}
Roy E, Arruda N, Leclerc P, Haley N, Bruneau J, Boivin J-F.
Injection of drug residue as a potential risk factor for HCV
acquisition among Montreal young injection drug users.
Drug and Alcohol Dependence 2012;126:246–50.
Ruan 2013 {published data only}
Ruan Y, Liang S, Zhu J, Li X, Pan SW, Liu Q, et al.
Evaluation of harm reduction programs on seroincidence
of HIV, hepatitis B and C, and syphilis among intravenous
29Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
drug users in Southwest China. Sexually Transmitted
Diseases 2013;40(4):323–8.
Samo 2013 {published data only}
Samo RN, Altaf A, Agha A, Pasha O, Rozi S, Memon A, et
al. High HIV incidence among persons who inject drugs
in Pakistan: greater risk with needle sharing and injecting
frequently among the homeless. PLOS ONE 2013;8:
e81715. [DOI: 10.1371/journal.pone.0081715]
Sanders-Buell 2013 {published data only}
Sanders-Buell E, Rutvisuttinunt W, Todd CS, Nasir A,
Bradfield A, Lei E, et al. Hepatitis C genotype distribution
and homology among geographically disparate injecting
drug users in Afghanistan. Journal of Medical Virology 2013;
85(7):1170–9.
Seal 2004 {published data only}
Seal KH, Monto A, Dove L, Vittinghoff E, Shen H, Tracy
D, et al. Determinants of hepatitis C viral RNA levels
among a cohort of injection drug users with and without
human immunodeficiency virus coinfection. Hepatology
2004;40:403A.
Selvey LA, Denton M, Plant AJ. Incidence and prevalence
of hepatitis C among clients of a Brisbane methadone clinic:
Factors influencing hepatitis C serostatus. Australian and
New Zealand Journal of Public Health 1997;21(1):102–4.
Selvey 1997 {published data only}
Selvey LA, Denton M, Plant AJ. Incidence and prevalence
of hepatitis C among clients of a Brisbane methadone clinic:
Factors influencing hepatitis C serostatus. Australia and
New Zealand Journal of Public Health 1997;21(1):102–104.
Sendi 2003 {published data only}
Sendi P, Hoffmann M, Bucher HC, Erb P, Haller P, Gyr
N, et al. Intravenous opiate maintenance in a cohort of
injecting drug addicts. Drug and Alcohol Dependence 2003;
69(2):183–8.
Shannon 2010 {published data only}
Shannon K, Kerr T, Marshall B, Li K, Zhang R, Strathdee
SA, et al. Survival sex work involvement as a primary risk
factor for hepatitis C virus acquisition in drug-using youths
in a Canadian setting. Archives of Pediatrics and Adolescent
Medicine 2010;164(1):61–5.
Shi 2007 {published data only}
Shi J, Zhao LY, Epstein DH, Zhao CZ, Shuai YL, Yan B, et
al. The effect of methadone maintenance on illicit opioid
use, human immunodeficiency virus and hepatitis C virus
infection, health status, employment, and criminal activity
among heroin abusers during 6 months of treatment in
China. Journal of Addiction Medicine 2007;1(4):186–90.
Solomon 2010 {published data only}
Solomon SS, Celentano DD, Srikrishnan AK, Vasudevan
CK, Murugavel KG, Iqbal SH, et al. Low incidences of
human immunodeficiency virus and hepatitis C virus
infection and declining risk behaviors in a cohort of
injection drug users in Chennai, India. American Journal of
Epidemiology 2010;172(11):1259–67.
Spencer 1997 {published data only}
Spencer JD, Latt N, Beeby PJ, Collins E, Saunders JB,
McCaughan GW, et al. Transmission of hepatitis C virus
to infants of human immunodeficiency virus-negative
intravenous drug-using mothers: rate of infection and
assessment of risk factors for transmission. Journal of Viral
Hepatitis 1997;4(6):395–409.
Steffen 2001 {published data only}
Steffen T, Blattler R, Gutzwiller F, Zwahlen M. HIV and
hepatitis virus infections among injecting drug users in
a medically controlled heroin prescription programme.
European Journal of Public Health 2001;11(4):425–30.
Stein 2009 {published data only}
Stein MD, Herman DS, Anderson BJ. A trial to reduce
hepatitis C seroincidence in drug users. Journal of Addictive
Diseases 2009;28(4):389–98.
Stephens 2011 {published data only}
Stephens BP, Tait J, Dillon JF. Is it worth testing unstable
drug users for hepatitis C?. Hepatology 2011;54:844A.
Stephens 2013 {published data only}
Stephens BP, Tait J, Evans M, Dillon JF. The natural history
of the acquisition of HCV in chaotic PWID. Hepatology
2013;58:1103A.
Strathdee 1997 {published data only}
Strathdee SA, Patrick DM, Currie SL, Cornelisse PGA,
Rekart ML, Montaner JSG, et al. Needle exchange is not
enough: Lessons from the Vancouver injecting drug use
study. AIDS 1997;11:F59–65.
Sullivan 2005 {published data only}
Sullivan LE, Chawarski M, O’Connor PG, Schottenfeld
RS, Fiellin DA. The practice of office-based buprenorphine
treatment of opioid dependence: Is it associated with
new patients entering into treatment?. Drug and Alcohol
Dependence 2005;79(1):113–6.
Sylvestre 2006 {published data only}
Sylvestre D. Hepatitis C treatment in drug users: perception
versus evidence. European Journal of Gastroenterology &
Hepatology 2006;18(2):129–30.
Tait 2013a {published data only}
Tait JM, Stephens BP, McIntyre P, Evans M, Dillon JF. Dry
blood spot testing for hepatitis C in people who injected
drugs: reaching the populations other tests cannot reach.
Journal of Hepatology 2013;58:S204.
Tait 2013b {published data only}
Tait J, Stephens BP, Evans M, Cleary S, Dillon JF. People
who inject drugs (PWID): difficult to get into services, easy
to cure. Hepatology 2013;58:1102A–3A.
Todd 2015 {published data only}
Todd CS, Nasir A, Stanekzai MR, Fiekert K, Sipsma HL,
Vlahov D, et al. Hepatitis C and HIV incidence and harm
reduction program use in a conflict setting: an observational
cohort of injecting drug users in Kabul, Afghanistan. Harm
Reduction Journal 2015;12(1):Article Number: 22. [DOI:
10.1186/s12954-015-0056-z]
30Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
Tracy 2014 {published data only}
Tracy D, Hahn JA, Fuller Lewis C, Evans J, Briceno A,
Morris MD, et al. Higher risk of incident hepatitis C
virus among young women who inject drugs compared
with young men in association with sexual relationships:
a prospective analysis from the UFO Study cohort.
BMJ Open 2014;4(5):e004988. [DOI: 10.1136/
bmjopen-2014-004988]
Tsirogianni 2013 {published data only}
Tsirogianni E, Kokkonis G, Tziokgas K, Tsekoura P,
Stafilidou M, Sotiriadou K, et al. Incidence of new HCV
infection or reinfection after successful anti-HCV therapy
among people who inject drugs attending a substitution
treatment programme in northern Greece. Suchtmedizin in
Forschung und Praxis 2013;15(4):260.
Tsui 2009 {published data only}
Tsui JI, Vittinghoff E, Hahn JA, Evans JL, Davidson PJ,
Page K. Risk behaviors after hepatitis C virus seroconversion
in young injection drug users in San Francisco. Drug and
Alcohol Dependence 2009;105(1-2):160–3.
Valdez 2011 {published data only}
Valdez A, Neaigus A, Kaplan C, Cepeda A. High rates of
transitions to injecting drug use among Mexican American
non-injecting heroin users in San Antonio, Texas (never and
former injectors). Drug and Alcohol Dependence 2011;114
(2-3):233–6.
Van Ameijden 1993 {published data only}
Van Ameijden EJ, Van den Hoek JA, Mientjes GH,
Coutinho RA. A longitudinal study on the incidence and
transmission patterns of HIV, HBV and HCV infection
among drug users in Amsterdam. European Journal of
Epidemiology 1993;9(3):255–62.
Van den Hoek 1990 {published data only}
Van den Hoek JAR, Van Haastrecht HJA, Goudsmit J,
De Wolf F, Coutinho RA. Prevalence, incidence, and risk
factors of hepatitis C virus infection among drug users in
Amsterdam. Journal of Infectious Diseases 1990;162(4):
823–6.
Van den Laar 2009 {published data only}
Van de Laar TJW, Molenkamp R, Van den Berg C, Schinkel
J, Beld MGHM, Prins M, et al. Frequent HCV reinfection
and superinfection in a cohort of injecting drug users in
Amsterdam. Journal of Hepatology 2009;51(4):667–74.
Van den Laar 2010 {published data only}
Van De Laar TJ, Rondy M, Bruisten SM, Prins M, van
Ballegooijen M. Long term follow-up of injecting drug
users suggests protective immunity against HCV reinfection
and superinfection with a similar genotype. Journal of
Hepatology 2010;52:S262–3.
Van Santen 2013 {published data only}
Van Santen DK, De Vos AS, Van Der Helm JJ, Grady BPX,
Kretzschmar MEE, Stolte IG, et al. Temporal trends in
mortality rates among drug users in Amsterdam compared
to the general Dutch population differ by hepatitis C and
HIV (co)infection status. Suchtmedizin in Forschung und
Praxis 2013;15(4):235.
Villano 1997 {published data only}
Villano SA, Vlahov D, Nelson KE, Lyles CM, Cohn S,
Thomas DL. Incidence and risk factors for hepatitis C
among injection drug users in Baltimore, Maryland. Journal
of Clinical Microbiology 1997;35(12):3274–7.
Wand 2009 {published data only}
Wand H, Spiegelman D, Law M, Jalaludin B, Kaldor
J, Maher L. Estimating population attributable risk for
hepatitis C seroconversion in injecting drug users in
Australia: Implications for prevention policy and planning.
Addiction 2009;104(12):2049–56.
Wang 2014 {published data only}
Wang L, Wei X, Wang X, Li J, Li H, Jia W. Long-term
effects of methadone maintenance treatment with different
psychosocial intervention models. PLOS ONE 2014;9(2):
e87931. [DOI: 10.1371/journal.pone.0087931]
Widell 2009 {published data only}
Widell A, Alanko M, Flamholc L, Jacobssen H, Molnegren
V, Bjorkman P. Continued heavy transmission of HCV in a
needle exchange program that is associated with minimal
transmission of HIV. A nine year longitudinal cohort study.
Journal of Hepatology 2009;50:S161.
Winkelstein 2013 {published data only}
Winkelstein ER, Edlin BR, Szott K, Shu MA, McKnight
C, DesJarlais DC, et al. The SWAN Project: integrating
research and service with a cohort of young people who use
drugs at risk for hepatitis C in New York City. Suchtmedizin
in Forschung und Praxis 2013;15:238.
Woody 2008 {published data only}
Woody GE, Poole SA, Subramaniam G, Dugosh K,
Bogenschutz M, Abbott P, et al. Extended vs short-term
buprenorphine-naloxone for treatment of opioid-addicted
youth: a randomized trial. JAMA 2008;300(17):2003–11.
Yang 2011 {published data only}
Yang J, Oviedo-Joekes E, Christian KWM, Li K, Louie
M, Schechter M, et al. The Cedar Project: methadone
maintenance treatment among young Aboriginal people
who use opioids in two Canadian cities. Drug and Alcohol
Review 2011;30(6):645–51.
Yen 2012 {published data only}
Yen Y F, Yen M Y, Su L W, Li L H, Chuang P, Jiang X R, et
al. Prevalences and associated risk factors of HCV/HIV co-
infection and HCV mono-infection among injecting drug
users in a methadone maintenance treatment program in
Taipei, Taiwan. BMC Public Health 2012;12:1066. [DOI:
10.1186/1471-2458-12-1066]
Zhao 2005 {published data only}
Zhao M, Wang QY, Lu GH, Xu P, Xu H, McCoy CB. Risk
behaviors and HIV/AIDS prevention education among
IDUs in drug treatment in Shanghai. Urban Health 2005;
82:iv84–91.
Zhou 2015 {published data only}
Zhou W, Wang X, Zhou S, Xie N, Liu P, Luo L, et al.
Hepatitis C seroconversion in methadone maintenance
treatment programs in Wuhan, China. Addiction 2015;110
(5):796–802.
31Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
Zou 2015 {published data only}
Zou X, Ling L, Zhang L. Trends and risk factors for HIV,
HCV and syphilis seroconversion among drug users in a
methadone maintenance treatment programme in China:
a 7-year retrospective cohort study. BMJ Open 2015;5(8):
e008162. [DOI: 10.1136/bmjopen-2015-008162]
Zunt 2006 {published data only}
Zunt J, Tapia K, Thiede H, Lee R, Hagan H. HTLV-2
infection in injection drug users in King County,
Washington. Scandinavian Journal of Infectious Diseases
2006;38(8):654–63.
References to studies awaiting assessment
Bruneau 2016 {published data only}
Bruneau J, Asward DJ, Zang G, Roy E. Effect of combined
harm reduction strategies on HCV incidence among people
who inject drugs in Montreal, Canada. Journal of Hepatology
2016;64(2):S462.
Chun 2006 {published data only}
Chun H, Li Z, Yuhua R, Yu Z, Zongliang F, Lu Y, et al. On
the impact of community-based methadone maintenance
treatment among drug addicts. Journal of Preventive
Medicine Information 2006;22:251-5.
Duan 2013 {published data only}
Duan S, Han J, Tang RH, Yang YC, Xiang LF, Ye RH,
et al. Study on the incidence and risk factors of HCV
infection among heroin addicts who were on methadone
maintenance treatment in Dehong prefecture,Yunnan
province. Zhonghua Liuxingbing Xue Zazhi [Chinese Journal
of Epidemiology] 2013;34(6):552–6.
He 2003 {published data only}
He YX, Ruan YH, Teng T, Hao QN, Qin GM,Wu JL, et al.
Community-based survey of drug use and sexual behavior
among female injection drug users. Zhongguo Aizibing
Xingbing [Chinese Journal of AIDS & STD] 2003;9:343-6.
He 2004 {published data only}
He YX, Teng T, Ruan YH, Zhou F, Liu SZ, Liu G, et al. A
survey of drug abuse and behaviors among injection drug
users in Liangshan of Sichuan Province. Zhongguo Yaowu
Lanyong Fangzhi Zazhi [Chinese Journal of Drug Abuse
Prevention andTreatment] 2004;10:80-3.
Mathei 2016 {published data only}
Mathei C, Bourgeois S, Blach S, Brixko C, Mulkay KP,
Razavi H, et al. Mitigating the burden of hepatitis C virus
among people who inject drugs in Belgium. Acta Gastro-
Enterologica Belgica 2016;79(2):227–32.
O’Keefe 2016 {published data only}
O’Keefe D, Scott N, Aitken C, Dietze P. Individual-level
needle and syringe coverage in Melbourne, Australia:
a longitudinal, descriptive analysis. BMC Health
Service Research 2016;16(1):411. [DOI: 10.1186/
s12913-016-1668-z.]
Ray Saraswati 2015 {published data only}
Ray Saraswati L, Saran A, Sebastian MP, Sharma V, Madan
I, Thior I, et al. HIV, Hepatitis B and C among people who
inject drugs: high prevalence of HIV and Hepatitis C RNA
positive infections observed in Delhi, India. BMC Public
Health 2015;15:726. [DOI: 10.1186/s12889-015-2003-z]
Siedentopf 2002 {published data only}
Siedentopf J-P, Nagel M, Buscher U. Possibilities of drug
addiction treatment during pregnancy [Moglichkeiten der
suchttherapie in der schwangerschaft]. Suchtmedizin in
Forschung und Praxis 2002;4:162–3.
Wada 2004 {published data only}
Wada K. HCV infection among narcotics/
methamphetamine abusers. Nippon Rinsho 2004;62(Suppl
7):326–9.
Additional references
Amato 2013
Amato L, Davoli M, Minozzi S, Ferroni E, Ali R, Ferri M.
Methadone at tapered doses for the management of opioid
withdrawal. Cochrane Database of Systematic Reviews 2013,
Issue 2. [DOI: 10.1002/14651858.CD003409.pub4]
Aspinall 2014
Aspinall EJ, Nambiar D, Goldberg DJ, Hickman M, Weir
A, Van Velzen E, et al. Are needle and syringe programmes
associated with a reduction in HIV transmission among
people who inject drugs: a systematic review and meta-
analysis. International Journal of Epidemiology 2014;43(1):
235–48.
Bluthenthal 2007
Bluthenthal RN, Anderson R, Flynn NM, Kral AH. Higher
syringe coverage is associated with lower odds of HIV risk
and does not increase unsafe syringe disposal among syringe
exchange program clients. Drug and Alcohol Dependence
2007;89(2-3):214–22.
Bourgois 2004
Bourgois P, Prince B, Moss A. The everyday violence of
hepatitis C among young women who inject drugs in San
Francisco. Human Organization 2004;63(3):253–64.
Degenhardt 2010
Degenhardt L, Mathers B, Vickerman P, Rhodes T, Latkin
C, HickmanM. Prevention of HIV infection for people who
inject drugs: why individual, structural, and combination
approaches are needed. Lancet 2010;376(9737):285–301.
Esmaeli 2016
Esmaeili A, Mirzazadeh A, Carter GM, Esmaeili,
Hajarizadeh B, Sack HS, et al. Higher incidence of HCV in
females compared to males who inject drugs: a systematic
review and meta-analysis. Journal of Viral Hepatitis 2016;24
(2):117–27.
Faggiano 2003
Faggiano F, Vigna-Taglianti F, Versino E, Lemma P.
Methadone maintenance at different dosages for opioid
dependence. Cochrane Database of Systematic Reviews 2003,
Issue 3. [DOI: 10.1002/14651858.CD002208]
Gibson 1999
Gibson DR, Flynn NM, McCarthy JJ. Effectiveness of
methadone treatment in reducing HIV risk behavior and
32Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
HIV seroconversion among injecting drug users. Aids 1999;
13(14):1807–18.
Gibson 2001
Gibson DR, Flynn NM, Perales D. Effectiveness of syringe
exchange programs in reducing HIV risk behavior and HIV
seroconversion among injecting drug users. AIDS 2001;15
(11):1329–41.
Gower 2014
Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H.
Global epidemiology and genotype distribution of the
hepatitis C virus infection. Journal of Hepatology 2014;61(1
Suppl):S45–57.
Gowing 2011
Gowing L, Farrell MF, Bornemann R, Sullivan LE, Ali
R. Oral substitution treatment of injecting opioid users
for prevention of HIV infection. Cochrane Database
of Systematic Reviews 2011, Issue 8. [DOI: 10.1002/
14651858.CD004145.pub4]
GRADE 2004
The GRADE working group. Grading quality of evidence
and strength of recommendations. BMJ 2004;328:1490–4.
Guyatt 2008
Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P, et al. GRADE: an emerging consensus on
rating quality of evidence and strength of recommendations.
BMJ 2008;336(7650):924–6.
Guyatt 2011
Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek
J, et al. GRADE guidelines 1. Introduction-GRADE
evidence profiles and summary of findings tables. Journal of
Clinical Epidemiology 2011;64:383–94.
Hagan 2011
Hagan H, Pouget ER, Des Jarlais DC. A systematic review
and meta-analysis of interventions to prevent hepatitis
C virus infection in people who inject drugs. Journal of
Infectious Diseases 2011;204(1):74–83.
Higgins 2011
Higgins JPT, Green S. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [updated March
2011]. The Cochrane Collaboration. Available from www.
cochrane-handbook.org, 2011.
Hope 2010
Hope VD, Hickman M, Ngui SL, Jones S, Telfer M,
Bizzarri M, et al. Incidence of HCV infection in PWID as
measured via repeat testing such as detection of HCV RNA
positive among HCV antibody negative results or antibody
avidity. Journal of Viral Hepatitis 2010;18:262–70.
Iversen 2015
Iversen J, Page K, Madden A, Maher L. HIV, HCV and
health-related harms among women who inject drugs:
Implications for prevention and treatment. Journal of
Acquired Immune Deficiency Syndromes 2015;69(Suppl 2):
S176–S181.
Jones 2008
Jones L, Pickering L, Sumnall H, Mcveigh J, Bellis MA. A
review of the effectiveness and cost-effectiveness of needle and
syringe programmes for injecting drug users. Liverpool: Centre
for Public Health, Liverpool John Moores University, 2008.
Kaplan 1992
Kaplan EH, Heimer R. A model-based estimate of HIV
infectivity via needle sharing. Journal of Acquired Immune
Deficiency Syndromes 1992;5(11):1116–8.
MacArthur 2012
MacArthur GJ, Minozzi S, Martin N, Vickerman P, Deren
S, Bruneau J, et al. Opiate substitution treatment and HIV
transmission in people who inject drugs: systematic review
and meta-analysis. BMJ 2012;345:e5945.
Mathers 2008
Mathers BM, Degenhardt L, Phillips B, Wiessing L,
Hickman M, Strathdee SA, et al. Global epidemiology of
injecting drug use and HIV among people who inject drugs:
a systematic review. Lancet 2008;372(9651):1733–45.
Mathers 2012
Mathers BM, Degenhardt L, Ali H, Wiessing L, Hickman
M, Mattick RP, et al. HIV prevention, treatment, and care
services for people who inject drugs: a systematic review of
global, regional, and national coverage. Lancet 2010;375
(9719):1014–28.
Miller 2004
Miller CL, Wood E, Spittal PM, Li K, Frankish JC,
Braitstein P, et al. The future face of coinfection: prevalence
and incidence of HIV and hepatitis C virus coinfection
among young injection drug users. Journal of Acquired
Immune Deficiency Syndromes 2004;36(2):743–9.
Mohd Hanafiah 2013
Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST.
Global epidemiology of hepatitis C virus infection: new
estimates of age-specific antibody to HCV seroprevalence.
Hepatology 2013;57(4):1333–42.
Palmateer 2010
Palmateer N, Kimber J, Hickman M, Hutchinson S,
Rhodes T, Goldberg D. Evidence for the effectiveness of
sterile injecting equipment provision in preventing hepatitis
C and human immunodeficiency virus transmission among
injecting drug users: a review of reviews. Addiction 2010;
105(5):844–59.
Perz 2006
Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP.
The contributions of hepatitis B virus and hepatitis C virus
infections to cirrhosis and primary liver cancer worldwide.
Journal of Hepatology 2006;45(4):529–38.
Platt 2016
Platt L, Easterbrook P, Gower E, McDonald B, Sabin K,
McGowan C, et al. Prevalence and burden of HCV co-
infection in people living with HIV: a global systematic
review and meta-analysis. Lancet Infectious Diseases 2016;16
(7):797–808.
33Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
Platt 2016a
Platt L, Reed J, Minozzi S, Vickerman P, Hagan H, French
C, Jordan A, Degenhardt L, Hope V, Hutchinson S, Maher
L, Palmateer N, Taylor A, Hickman M. Effectiveness of
needle/syringe programmes and opiate substitution therapy
in preventing HCV transmission among people who inject
drugs. Cochrane Database of Systematic Reviews 12 Januray
2016;1.
Pouget 2012
Pouget ER, Hagan H, Des Jarlais DC. Meta-analysis of
hepatitis C seroconversion in relation to shared syringes
and drug preparation equipment. Addiction 2012;107(6):
1057–65.
RevMan 2014 [Computer program]
Nordic Cochrane Centre, The Cochrane Collaboration.
Review Manager (RevMan). Copenhagen: Nordic
Cochrane Centre, The Cochrane Collaboration, 2014.
Schünemann 2006
Schünemann HJ, Jaeschke R, Cook D, Bria W, El-Solh
A, Ernst A, et al. An official ATS statement: grading the
quality of evidence and strength of recommendations in
ATS guidelines and recommendations. American Journal of
Respiratory and Critical Care Medicine 2006;174(5):605–14.
Sterne 2013
Sterne J, Higgins J, Reeves B. Extending the risk of bias
tool to allow for assessment of non-randomised studies,
clust-randomised trials and cross-over trials:a Cochrane
methods innovation fund project (Workshop), 21st Cochrane
Colloquium Abstract Book. The Cochrane Collaboration,
2013.
Strathdee 2010
Strathdee SA, Hallett TB, Bobrova N, Rhodes T, Booth R,
Abdool R, et al. HIV and risk environment for injecting
drug users: the past, present, and future. Lancet 2010;376
(9737):268–84.
Tilson 2007
Tilson H, Aramrattana A, Bozzette SA. Preventing HIV
Infection among Injecting Drug Users in High-risk Countries:
An Assessment of the Evidence. Washington, DC: Institute of
Medicine, 2007.
Turner 2011
Turner KM, Hutchinson S, Vickerman P, Hope V, Craine
N, Palmateer N, et al. The impact of needle and syringe
provision and opiate substitution therapy on the incidence
of hepatitis C virus in injecting drug users: pooling of UK
evidence. Addiction 2011;106(11):1978–88.
UNAIDS 2014
UNAIDS. Global Statistics. Fact Sheet. UNAIDS, 2014.
Vickerman 2012
Vickerman P, Martin N, Turner K, Hickman M. Can
needle and syringe programmes and opiate substitution
therapy achieve substantial reductions in hepatitis C virus
prevalence? Model projections for different epidemic
settings. Addiction 2012;107(11):1984–95.
Vickerman 2014
Vickerman P, Platt L, Jolley E, Rhodes T, Kazatchkine MD,
Latypov A. Controlling HIV among people who inject
drugs in Eastern Europe and Central Asia: insights from
modeling. International Journal on Drug Policy 2014;25(6):
1163–73.
Vorma 2013
Vorma H, Sokero P, Aaltonen M, Turtiainen S, Hughes LA,
Savolainen J. Participation in opioid substitution treatment
reduces the rate of criminal convictions: evidence from a
community study. Addictive Behaviors 2013;38(7):2316–6.
WHO 2004
World Health Organization, United Nations Office on
Drugs and Crime & UNAIDS. Substitution maintenance
therapy in the management of opiod dependence and
HIV/AIDS prevention: position paper. World Health
Organization, 2004.
Wiessing 2009
Wiessing L, Likatavicius G, Klempova D, Hedrich D,
Nardone A, Griffiths P. Associations between availability
and coverage of HIV-prevention measures and subsequent
incidence of diagnosed HIV infection among injection
drug users. American Journal of Public Health 2009;99(6):
1049–52.
Wodak 2004
Wodak A, Cooney A. Effectiveness of sterile needle and
syringe programming in reducing HIV/AIDS among
injecting drug users. Evidence for Action Technical Papers.
Geneva: World Health Organization, 2004.
Wood 2007
Wood E, Lloyd-Smith E, Li K, Strathdee S, Tyndall M,
Montaner J, et al. Frequent needle exchange use and HIV
incidence in Vancouver, Canada. American Journal of
Medicine 2007;120(2):172–9.
Zhang 1998
Zhang J, Yu KF. What’s the relative risk? A method of
correcting the odds ratio in cohort studies of common
outcomes. JAMA 1998;280(19):1960–1.
References to other published versions of this review
Platt 2016b
Platt L, Reed J, Minozzi S, Vickerman P, Hagan H, French
C, et al. Effectiveness of needle/syringe programmes and
opiate substitution therapy in preventing HCV transmission
among people who inject drugs. Cochrane Database of
Systematic Reviews 12 January, Issue 1. [DOI: 10.1002/
14651858; CD012021.]
∗ Indicates the major publication for the study
34Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs (Review)
Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The
Cochrane Collaboration.
C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Aitken 2015 [pers comm]
Methods Prospective cohort study; recruitment was done via RDS, street outreach and snowball sampling
Participants Country: Australia
449 PWID, defined as ’regularly’ injecting illicit drugs in the last 6 months. Median age was 29.4 years, and 50% of
participants reported injecting daily, but there was no information on the main drug being injected
Interventions The intervention in this study was use of opioid substitution therapy (OST); OST was defined as use of OST in the
previous month. The comparison group was no current OST use
Follow-up: 196 person years
Study duration: 5 years
Outcomes HCV seroconversion as measured by HCV antibody in serum
Notes Funding source is the Australian National Health and Medical Research Council
Bruneau 2015 [pers comm]
Methods Prospective cohort study; recruitment was done via street outreach, and snowball sampling
Participants Country: Canada
285 PWID
Interventions The interventions included in this study were needle syringe exchange programme (NSP) use in the previous 3 or 6
months, use of methadone maintenance in the previous 6 months. Further detail on the intensity of engagement with
the intervention was gathered; researchers examined NSP use where 100% of needles/syringes used were obtained
by NSP and a methadone dose of 0-60 mg or 60+ mg, respectively. Comparisons were no NSP use in the previous
3 or 6 months or low NSP coverage (< 100%), no OST use in the previous 6 months, or < 59 mg of methadone
Follow-up: 589.3 person years
Study duration: 7 years
Outcomes HCV seroconversion
Notes The funding source was the Canadian Institutes of Health Research, US National Institute on Drug Abuse and the
Réseau SIDA et Maladies Infectieuses du Fonds de la Recherche en Sante du Quebec
Craine 2009
Methods Prospective cohort study
Participants Country: Wales, UK
700 PWID, defined as injecting drugs in the previous 4 weeks. 29% were female and the mean age was 27.2 years.
The main drug injected was not reported, but 42% had injected stimulants
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Craine 2009 (Continued)
Interventions The intervention was either in opioid substitution treatment or not
Follow-up: 287.3 person years
Study duration: 2 years
Outcomes HCV seroconversion
Notes Funded by the Welsh Assembly Government
Crofts 1997
Methods Retrospective cohort study
Participants Country: Australia
1741 PWID; the mean age was 29.2 years and 42% were female; main drug was not reported
Interventions The intervention was defined as either continuous or interruptedmethadone maintenance treatment; the comparison
was no methadone maintenance
Follow-up: 85.4 person years
Study duration: 4 years
Outcomes HCV seroconversion
Notes Individual funding was received from Research Fund of the Macfarlane Burnet Centre, Victorian Department of
Health and Community Services Public Health Training Programme, the Commonwealth Department of Health
and Family Service
Hagan 1995
Methods Case-control study
Participants Country: USA
46 PWID, where PWID status was defined as having injected drugs in the previous 6 months (cases). 24% of the
sample were < 25 years, 45% were female; the main drug injected was not reported
Interventions The intervention under study was ever having used a needle syringe exchange programme and comparison was never
having used a NSP
Follow-up: n/a
Study duration: 2 years
Outcomes HCV seroconversion defined by presence of HCV antibodies
Notes Funded by the American Foundation for AIDS Research
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Hagan 1999
Methods Prospective cohort study
Participants Country: USA
2462 PWID, defined as having injected drugs in the previous 12 months. 19% were < 25 years, 38% were female,
54% injected heroin and 59% injected daily
Interventions The intervention under study was either current sporadic or current regular needle syringe exchange programme use;
the comparison was no use of the NSP
Follow-up: 209 person years
Study duration: 2 years
Outcomes HCV seroconversion defined by presence of HCV antibodies (the timeframe for seroconversion was within the
previous 12 months)
Notes Funded by the National Institute on Drug Abuse and Centre for Disease Control
Holtzman 2009
Methods Prospective cohort study; recruitment was done via RDS and street outreach
Participants Country: USA
4663 PWID, defined as injecting drugs in the previous 6 or 12 months. 28% were less than 21 years old, 38% were
female; main drug injected was not reported, but 49% injected daily
Interventions The intervention was participation (yes/no) in a needle syringe exchange programme (NSP) in either the previous 3
months or 6 months
Follow-up: n/a
Study duration: 10 years
Outcomes HCV seroconversion measured by the presence of HCV antibodies
Notes Funding source not specified
Hope 2011
Methods Cross-sectional study. Recruitment of study participants was done via RDS
Participants Country: England, UK
299 PWID, defined as having injected drugs in the previous 4 weeks. 17% were < 25 years old, 23% were female,
94% injected opiates, 40% injected daily
Interventions The interventions were as follows:
1. Low NSP coverage and not on OST
2. Low NSP coverage and OST
3. High NSP coverage and no OST
4. High NSP coverage and OST
Comparisons were no current use of OST, no or low NSP coverage
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Hope 2011 (Continued)
Follow-up: n/a
Study duration: 6 months
Outcomes HCV seroconversion defined as HCV RNA positive and HCV antibody negative (dried blood spot testing); the
window period for the outcome was 51-75 days (range)
Notes Funded by the National Treatment Agency for Substance Use and Health Protection Agency
Hope 2015 [pers comm]
Methods Cross-sectional study; recruitment of study participants was done via RDS
Participants Country: England, UK
948PWID, defined as having injected drugs in the previous 4 weeks. Median age was 33 years, 48% injected heroin
as their main drug, but 64% had injected crack/cocaine in the previous month, 19% were female and 53% injected
daily
Interventions The interventions were as follows:
1. Low NSP coverage and not on opioid substitution treatment OST
2. Low NSP coverage and OST
3. High NSP coverage and no OST
4. High NSP coverage and OST
Comparisons were no current use of OST, no or low NSP coverage
Follow-up: 6 months
Outcomes HCV seroconversion defined as HCV RNA positive and HCV antibody negative (dried blood spot testing); the
window period for the outcome was 51-75 days (range)
Follow-up: n/a
Study duration: 6 months
Notes Funded by National Treatment Agency for Substance Use and the Health Protection Agency
Judd 2015 [pers comm]
Methods Prospective cohort study; recruitment was conducted via privileged access interviews and snowball sampling
Participants Country: England, UK
272 PWID, defined as having injected drugs in the previous 4 weeks. Median age was 27.6 years, 29% were female,
35% mainly injecting heroin, 84% injected daily
Interventions The intervention of interest was use of methadone maintenance treatment in the previous 6 months or longer,
compared to no methadone in the same time period
Follow-up:116.7 person years
Study duration: 2 years
Outcomes HCV seroconversion
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Judd 2015 [pers comm] (Continued)
Notes Funded by the UK Department of Health
Lucidarme 2004
Methods Prospective cohort study; recuitment was conducted at drug treatment centres
Participants Country: France
321 PWID, defined as ever having injected drugs. Median age was 26.9 years, 17.6% were female, 28% injected
opiates, 84% injected daily
Interventions The intervention under study was having received OST in the 3 months prior to study enrollment; the comparison
was no OST in the 3 months prior to study enrollment
Follow-up: 178.4 person years
Study duration: 1 year
Outcomes Seroconversion measured as the presence of HCV antibodies in oral fluid and serum on positive tests; the window
period for the outcome was the midpoint between previous negative oral fluid test and first positive serum test
Notes Funded by the Agence Nationale de Recherche su le SIDA, Institute de Veille Sanitaire, Programme Hospitalier
de Recherce Clinique, Direction Departementale de l’Action Sanitaire et Sociale du Nord, Academie Nationale de
Medecine
Maher 2015
Methods Prospective cohort study; recruitment was conducted in community settings and in low-threshold drug treatment
settings
Participants Country: Australia
294 PWID, defined as injection in the previous 6 months. Median age was 24 years, 32% were female, 69% injected
heroin
Interventions The intervention under study was having received OST in the previous 6 months; the comparison was no OST in
the previous 6 months
Follow-up: 212.86 person years
Study duration: 3 years
Outcomes Seroconversion as measured by anti-HCV serology at baseline using 1-2 third-generation enzyme-linked immunosor-
bent assays. PCR testing to detect HCV RNA on all final HCV antibody negative specimens
Notes Funded by the Australian National Health and Medical Research Council
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Mehta 2015 [pers comm]
Methods Prospective cohort study; recruitment was conducted through community-based outreach
Participants Country: USA
471 PWID, defined as having injected within the preceding 11 years. Median age was 34 years, 18.3% were female,
65% injected heroin and cocaine, 92% had injected in the previous year at baseline
Interventions The intervention under study was being in methadone treatment in the previous 6 months; the comparison was no
methadone treatment in the previous 6 months
Follow-up: 166.5 person years
Study duration: 20 years
Outcomes HCV seroconversion, measured through serum samples
Notes Funded by the National Institute on Drug Abuse
Nolan 2014
Methods Prospective cohort study; recruitment included snowball sampling
Participants Country: Canada
3741 PWID, defined as having injected drugs in the previous 4 weeks. 30% were female, 34% injected opiates and
the mean age was 34 years among methadone users and 23 years among non-methadone users
Interventions The interventions under study were:
1. Active participation in methadone maintenance treatment (MMT) in last 6 months
2. MMT once during follow-up,
3. MMT > 2 times during follow-up
Comparison was no use of MMT within the same time periods
Follow-up: 2108.4 person years
Study duration: 16 years
Outcomes HCV seroconversion defined by presence of HCV antibodies
Notes Funded by the US National Institutes on Drug Abuse
Page 2015 [pers comm]
Methods Prospective cohort study; recruitment occurred through street outreach
Participants Country: USA
552 PWID, defined as people who have injected drugs in the previous month and less than 30 years old. 42.5% were
< 22 years, 22% were female and 61% injected heroin/heroin mixed in the previous month
Interventions The intervention under study was use of a NSP in the previous 3 months and the comparison was no use of NSP
Follow-up: 681.3 person years
Study duration: 15 years
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Page 2015 [pers comm] (Continued)
Outcomes HCV seroconversion defined by presence of HCV antibodies or HCV RNA
Notes Funded by the National Institute on Drug Abuse
Palmateer 2014a
Methods Cross-sectional study; participants were recruited at NSPs
Participants Country: Scotland, UK
7954 PWID, defined as ever having injected drugs (but 80% had injected in previous 6 months). Mean age is 34
years, 27.5% are female, 55.3% inject daily and 17% injected stimulants
Interventions The interventions were defined as:
1. Needle syringe exchange (NSP) coverage: low vs high
2. Paraphernalia coverage: low vs high
3. Opioid substitution treatment (OST): current vs not current
4. NSP and OST combined: low NSP, no OST vs low NSP with OST, high NSP no OST, high NSP OST, did
not inject OST
5. NSP, paraphernalia, and OST combined: low NSP, low para, no OST vs low NSP, low para with OST, high
NSP, low para, no OST, high NSP, low para, OST, high NSP, high para, no OST, high NSP, high para, OST, did
not inject OST
The comparisons were no OST or no/low NSP use
Follow-up: 602.7 person years
Study duration: 4 years
Outcomes The outcome was HCV seroconversion defined as being HCV antibody negative and HCV RNA positive
Notes Funded by the Scottish Government
Patrick 2001
Methods Prospective cohort study; recruitment included snowball sampling
Participants Country: Canada
1345 PWID, defined as having injected drugs in the previous 4 weeks. 30% were female, the median age was 34
years, 63% injected opiates and 54% injected stimulants, 54% injected daily
Interventions The intervention under study was
1. Attendance at least once per week at NSP in previous 6 months (yes or no)
2. Methadone maintenance treatment in previous 6 months (yes or no)
The comparison was NSP attendance or no methadone in the previous 6 months
Follow-up: 207.9 person years
Study duration: 3 years
Outcomes HCV seroconversion measured by HCV antibody positivity
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Patrick 2001 (Continued)
Notes Funding source was not specified
Rezza 1996
Methods Case-control study; recruitment methods employed a convenience sample of service attenders
Participants Country: Italy
746 PWID, defined as being a heroin user. 21% were < 28 years, 3% were female, 100% injected opiates and 32%
also injected stimulants, 69% injected daily
Interventions The intervention under study was being in methadone maintenance treatment in the previous 6 months, the com-
parison was no methadone maintenance in the same time period
Follow-up: 73.4 person years
Study duration: 2 years
Outcomes HCV seroconversion, measured by HCV antibody positivity in serum samples
Notes Funded by the Progretto AIDS, Ministero della Sanita-Instituto Superiore di Sanita
Roy 2007
Methods Serial cross-sectional survey; recruitment methods employed service attenders at drug treatment programmes
Participants Country: Canada
1380 PWID, defined as having injected in the previous 6 months. Mean age was 31.8 years, 27% were female, 19%
injected opiates and 75% injected stimulants
Interventions The intervention under study was using an NSP in the previous 6 months, and the comparison was no use of the
NSP
Follow-up: 267 person years
Study duration: 6 years
Outcomes HCV RNA positive on anti-HCV negative (oral fluid). HCV seroconversions were attributed to the midpoint
between the previous negative and first positive test results
Notes Funded by the Health Canada, Ministere de la Sante et des Services Sociaux du Quebec
Ruan 2007
Methods Prospective cohort study; recruitment occurred via community outreach and snowball sampling
Participants Country: China
379 PWID, defined as having injected drugs in the previous 3 months. 44% were < 28 years and 100% injected
opiates. There was no information on sex or frequency of injecting
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Ruan 2007 (Continued)
Interventions The intervention of interest was lifetime experience of methadone maintenance treatment (yes or no)
Follow-up: 258 person years
Study duration: 3 years
Outcomes HCV antibody positivity in serum samples (incidence density); the time of seroconversion was the midpoint between
the previous negative and first positive HCV antibody test result
Notes Funded by the Ministry of Science and Technology of China, the National Natural Science Foundation of China,
China Comprehensive Integrated Programmes for Research on AIDS, theNational Institute of Allergy and Infectious
Diseases and the National Institutes of Health
Spittal 2012
Methods Prospective cohort study; recruitment via community outreach and snowball sampling
Participants Country: Canada
377 PWID, defined as having injected in the previous 4 weeks. Median age was 23 years, 53% were female, 18%
injected opiates, 10% injected stimulants, 18% injected daily
Interventions The intervention of interest was being in methadone maintenance treatment (yes or no) at the time of survey;
comparison was no current use of methadone maintenance
Follow-up:338.6 person years
Study duration: 6 years
Outcomes HCV antibody positivity in serum samples (incidence density); the time of seroconversion was the midpoint between
the previous negative and first positive HCV antibody test result
Notes Funded by the Institute for Aboriginal Peoples Health and the Canadian Institutes for Health Research
Thiede 2000
Methods Prospective cohort study; recruitment from a drug treatment setting
Participants Country: USA
716 PWID, defined as having injected drugs in the previous 4 weeks. 5.4% were < 25 years, 49% were female, 23%
injected stimulants and 25% injected daily
Interventions The interventions under study were:
1. Left methadone maintenance treatment (MMT) at least once during follow-up but were re-enrolled at their
follow-up visit
2. Remained in MMT throughout the follow-up period
The comparison was no MMT.
Follow-up: 80 person years
Study duration: 4 years
Outcomes HCV seroconversion, as demonstrated by the presence of HCV antibodies in serum
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Thiede 2000 (Continued)
Notes Funded by the Centers for Disease Control and Prevention
Thorpe 2002
Methods Prospective cohort study; recruitment via street outreach, targeted advertising, and peer referrals
Participants Country: USA
702 PWID, defined as having injected in the previous 6 months. 53% were aged 18-22 years, 49% were female,
23% injected stimulants and 39% injected daily
Interventions The intervention of interest was use of an NSP in the previous 6 months and the comparison was no use of the NSP
Follow-up: 327.2 person years
Study duration: 2 years
Outcomes HCV seroconversion as demonstrated by the presence of HCV antibodies in serum; time of seroconversion was taken
to be the midpoint between the previous negative and first positive HCV antibody test result
Notes Funding source was not specified
Tsui 2014
Methods Prospective cohort study; recruitment via street outreach
Participants Country: USA
992 PWID, defined as having injected in the previous 4 weeks and aged < 30 years. 16% were aged 15-18 years,
32% were female, 60% injected opiates and 33.2% injected stimulants
Interventions The interventions of interest included:
1. Opiate agonist detoxification in previous 3 months
2. Opiate agonist therapy maintenance treatment in previous 3 months. Recent opioid agonist therapy included
treatment with buprenorphine or methadone anytime within the past year at the baseline screening interview,
within the past 3 months at quarterly interviews for participants in waves 1 and 3, and within the past week for
participants in wave 2
The comparison was no opiate agonist therapy in the same time frame
Follow-up: 680 person years
Study duration: 13 years
Outcomes HCV seroconversion. Incidence was calculated using behavior or characteristic at the previous period that participant
was seronegative forHCV (uninfected during follow-up) or the firstHCV-seropositive risk period (incident infections)
. Incident acute HCV infections were: a new test result positive for HCV RNA and/or anti-HCV after a previously
documented test result negative for anti-HCV; or a positive HCV RNA test result concomitant with a negative anti-
HCV test result
Notes Funded by the National Institute on Drug Abuse, National Institute of Health, National Institute on Alcohol and
Alcoholism
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Vallejo 2015
Methods Prospective cohort study; recruitment was street-based and employed targeted sampling and chain-referral methods
Participants Country: Spain
513 PWID; PWID were required to have used heroin at least 12 days and at least 1 day in the past 3 months. 40%
were < 25 years, 27% were female, 31% injected stimulants. There was no information on daily injecting
Interventions The intervention of interest was methadonemaintenance; further details of the intervention (e.g. intensity or duration
of engagement in the intervention) was not specified, the comparison was no use of methadone maintenance
Follow-up: 105.4 peron years
Study duration: 3 years
Outcomes HCV seroconversion, defined by HCV antibody positivity by dried blood spot testing
Notes Funded by the Foundation for AIDS Prevention and Research
Van Beek 1998
Methods Retrospective cohort study; recruitment at drug treatment services
Participants Country: Australia
1078 PWID, 61.5% were < 20 years, 55.9% were female, 19% injected opiates, 27.9% injected stimulants
Interventions The intervention under study was ever having received methadone; the comparison was no methadone
Follow-up:148.2 person years
Study duration: 2 years
Outcomes HCV seroconversion
Notes Funded by the Australian National Council on AIDS and Related Diseases
Van Den Berg 2007
Methods Prospective cohort study; enrollment occurred through ’open’ recruitment
Participants Country: Netherlands
168 PWID, defined as those who had ever injected drugs. Median age was 31.4 years, 33%were female, 33% injected
opiates and 51% injected stimulants, 51.7% injected daily
Interventions The interventions of interest were measured as follows:
1. Incomplete harm reduction: any dose of methadone daily, injection in previous 6 months, irregular or no use
of NSP; OR 0-59 mg of methadone daily in past 6 months, always use NSP
2. Full harm reduction: ≥ 60 mg of methadone daily in past 6 months; no injecting drug use; ≥ 60 mg
methadone daily, injecting drug use in past 6 months, always use NSP
3. Limited dependence on harm reduction: 1-59 mg of methadone in past 6 months, no injecting drug use
4. No dependence on harm reduction: no methadone in in past 6 months, no injection in past 6 months.
The comparsion was no methadone in the past 6 months, and/or no use of NSP or no injection
Follow-up: 598.56 person years
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Van Den Berg 2007 (Continued)
Study duration: 22 years
Outcomes HCV seroconversion
Notes Funded by the Netherlands National Institute for Public Health and the Environment
White 2014
Methods Prospective cohort study; recruitment via snowball sampling, social networks, RDS, and targeted outreach sampling
Participants Country: Australia
166 PWID, defined as those who had injected drugs in the previous 12 months. Median age was 27 years, 25% were
female. Participants mainly injecting opioids, but frequency of injecting was not reported
Interventions The intervention assessed was having accessed a needle syringe exchange programme or opioid substitution treatment
in the previous 6 months, the comparison was no use of the NSP or OST in the same time frame
Follow-up: 215.2 person years.
Study duration: 3 years
Outcomes HCV seroconversion defined as being negative for HCV antibodies and positive for HCV RNA
Notes Funded by the National Health and Medical Research Council
HCV: hepatitis C virus; NSP: needle syringe programme;OST: opioid substitution therapy; PCR: polymerase chain reaction; PWID:
people who inject drugs; RDS: respondent-driven sampling.
Characteristics of excluded studies [ordered by study ID]
Study Reason for exclusion
Aubisson 2006 No outcome of interest
Azim 2005 No outcome of interest
Bayoumi 2008 No intervention of interest: no OST or NSP
Burt 2007 No outcome of interest
Buxton 2010 No outcome of interest; no comparison of interest: all participants on OST
Collins 2009 No outcome of interest
Cox 2000 No outcome of interest
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(Continued)
Crofts 1993 No intervention of interest: no OST or NSP
De Vos 2012 No outcome of interest; simulation study
Des Jarlais 2005 No outcome of interest
Des Jarlais 2007 No outcome of interest
Dubois-Arber 2008 No outcome of interest
Emmanuelli 2005 No outcome of interest
Esteban 2003 No outcome of interest. No comparison of interest: all participants on OST
Falster 2009 No outcome of interest
Fatseas 2012 No outcome of interest
Fhima 2001 No comparison of interest: all participants on OST
Fudala 2003 No outcome of interest
Fuller 2004 No intervention of interest: no OST or NSP
Galeazzl 1995 No outcome of interest; no intervention of interest: no OST or NSP
Gambashidze 2008 No outcome of interest
Garfein 1998 No outcome of interest; no intervention of interest: no OST or NSP
Garfein 2007 No outcome of interest; no intervention of interest: no OST or NSP
Garten 2004 No intervention of interest: no OST or NSP
Gervasoni 2012 No outcome of interest
Goldberg 1998 No outcome of interest
Goldberg 2001 No outcome of interest
Goswami 2014 No outcome of interest
Grebely 2013 Editorial
Grebely 2014 No intervention of interest: no OST or NSP
Guadagnino 1995 No outcome of interest; No intervention of interest: no OST or NSP
Hagan 2000 No outcome of interest; no intervention of interest: no OST or NSP
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(Continued)
Heimer 1999 No outcome of interest
Higgs 2012 No outcome of interest
Jackson 2014 No comparison of interest: all participants on OST
Javanbakht 2014 No outcome of interest; simulation study
Judd 2005 No intervention of interest: no OST or NSP
Kwon 2009 No outcome of interest; simulation study
Lai 2001 No intervention of interest: no OST or NSP
Larney 2015 No comparison of interest
Mansson 2000 No outcome of interest
Mikolajczyk 2013 No intervention of interest: no OST or NSP
Moshkovich 2000 No outcome of interest
Muga 2006 No outcome of interest
Nasir 2011 No outcome of interest
Page 2009 No intervention of interest: no OST or NSP
Page 2013 No intervention of interest: no OST or NSP
Palmateer 2014b No intervention of interest: no OST or NSP
Paquette 2010 No intervention of interest: no OST or NSP
Parrino 2003 Overview
Pedrana 2009 No intervention of interest: no OST or NSP
Peles 2011 No comparison of interest: all on OST
Pollack 2001 No outcome of interest; simulation model
Pratt 2002 No outcome of interest
Robotin 2004 No intervention of interest: no OST or NSP
Rohrig 1990 No outcome of interest
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Roux 2012 No outcome of interest. No comparison of interest: all participants on OST
Roux 2014 No outcome of interest
Roy 2009 No intervention of interest: no OST or NSP
Roy 2012 No intervention of interest: no OST or NSP
Ruan 2013 No intervention of interest: no OST or NSP
Samo 2013 No outcome of interest
Sanders-Buell 2013 No outcome of interest
Seal 2004 No outcome of interest
Selvey 1997 No comparison of interest: all participants on OST
Sendi 2003 No intervention of interest: no OST or NSP
Shannon 2010 No intervention of interest: no OST or NSP
Shi 2007 No comparison of interest: all participants on OST
Solomon 2010 No intervention of interest: no OST or NSP
Spencer 1997 No intervention of interest: no OST or NSP
Steffen 2001 No intervention of interest: no OST or NSP
Stein 2009 No intervention of interest: no OST or NSP
Stephens 2011 No outcome of interest. No intervention of interest: no OST or NSP
Stephens 2013 No intervention of interest: no OST or NSP
Strathdee 1997 No outcome of interest
Sullivan 2005 No outcome of interest. No comparison of interest: all participants on OST
Sylvestre 2006 No outcome of interest
Tait 2013a No outcome of interest. No intervention of interest: no OST or NSP
Tait 2013b No outcome of interest. No intervention of interest: no OST or NSP
Todd 2015 No intervention of interest (NSP shuts down for some of the follow-up)
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Tracy 2014 No intervention of interest: no OST or NSP
Tsirogianni 2013 No intervention of interest: no OST or NSP
Tsui 2009 No intervention of interest: no OST or NSP
Valdez 2011 No outcome of interest. No intervention of interest: no OST or NSP
Van Ameijden 1993 No intervention of interest: no OST or NSP
Van den Hoek 1990 No outcome of interest
Van den Laar 2009 No outcome of interest. No intervention of interest: no OST or NSP
Van den Laar 2010 No outcome of interest. No intervention of interest: no OST or NSP
Van Santen 2013 No outcome of interest
Villano 1997 No intervention of interest: no OST or NSP
Wand 2009 No intervention of interest: doesn’t specify OST, only that it is drug treatment
Wang 2014 No comparison of interest: all participants on OST
Widell 2009 No intervention of interest: no OST or NSP
Winkelstein 2013 No outcome of interest
Woody 2008 No outcome of interest
Yang 2011 No outcome of interest
Yen 2012 No outcome of interest
Zhao 2005 No outcome of interest
Zhou 2015 No comparison of interest: all participants on OST
Zou 2015 No comparison of interest: all participants on OST
Zunt 2006 No outcome of interest
NSP: needle syringe programme; OST: opioid substitution therapy.
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Characteristics of studies awaiting assessment [ordered by study ID]
Bruneau 2016
Methods Prospective cohort
Participants 313 HCV-seronegative PWID (injection in the previous month) were enrolled with at least one follow-up visit. 22%
were female, 43% were under 30 years old and 58% injected cocaine
Interventions Opioid agonist therapy (1-59 mg, methadone or suboxone, ≥ 60 mg methadone) and injection material coverage
(100% safe sources vs no)
Outcomes Seroconversion to HCV antibody positive
Notes The study was conducted in Montreal, Canada. No funding source is specified
Chun 2006
Methods -
Participants -
Interventions -
Outcomes -
Notes There is no abstract, and the text is in Chinese.
Duan 2013
Methods -
Participants -
Interventions -
Outcomes -
Notes There is no abstract, and the text is in Chinese.
He 2003
Methods -
Participants -
Interventions -
Outcomes -
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He 2003 (Continued)
Notes There is no abstract, and the text is in Chinese.
He 2004
Methods -
Participants -
Interventions -
Outcomes -
Notes There is no abstract, and the text is in Chinese.
Mathei 2016
Methods -
Participants -
Interventions -
Outcomes -
Notes The text is in French, and there is little information in the abstract
O’Keefe 2016
Methods Prospective cohort recruited between 2011 and 2015
Participants People who inject drugs, defined as regular injectors (at least one a month in the 6 months prior to recruitment), a
total of 502 participants, approximately 36% were female and mean age 30 was years
Interventions Current opoid substitution therapy prescription; NSP as usual source of syringe acquisition in the past month,
measure of injections covered by sterile syringe (syringes acquired divided by syringes distributed divided by past
week injecting frequency)
Outcomes HCV RNA positive among negative samples
Notes Data drawn from the Melbourne injecting drug use cohort study (MIX). Funding provided by the Colonial Foun-
dation Trust and the National Reserch Council
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Ray Saraswati 2015
Methods Longitudinal incidence study, participants recruited in community settings through peer referrals in places where
drugs are used
Participants People who inject drugs defined as injection at least once in the previous 3 months and residing in Delhi. A total of
2292 PWID recruited of whom all were male; median age was 29 years
Interventions Accessed NSP in the previous 3 months
Outcomes anti HCV negative and HCV RNA positive
Notes Funding received from the Canadian Government (Department of Foreign Affairs, Trade and Development Canada)
. No incidence data reported, but need to contact authors for measures
Siedentopf 2002
Methods -
Participants -
Interventions -
Outcomes -
Notes There is no abstract, and the text is in German.
Wada 2004
Methods -
Participants -
Interventions -
Outcomes -
Notes There is no abstract, and the text is in Japanese.
HCV: hepatitis C virus; NSP: needle syringe programme; PWID: people who inject drugs.
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D A T A A N D A N A L Y S E S
Comparison 1. Current OST versus no OST
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence adjusted
analyses by region
12 6361 Risk Ratio (Random, 95% CI) 0.50 [0.40, 0.63]
1.1 North America 5 2245 Risk Ratio (Random, 95% CI) 0.57 [0.42, 0.76]
1.2 Europe 5 3494 Risk Ratio (Random, 95% CI) 0.43 [0.27, 0.68]
1.3 Australia 2 622 Risk Ratio (Random, 95% CI) 0.42 [0.25, 0.72]
2 HCV incidence adjusted analysis
by study design
12 6361 Risk Ratio (Random, 95% CI) 0.50 [0.40, 0.63]
2.1 Prospective cohort 10 3467 Risk Ratio (Random, 95% CI) 0.51 [0.40, 0.65]
2.2 Cross-sectional surveys 2 2894 Risk Ratio (Random, 95% CI) 0.46 [0.23, 0.89]
3 HCV incidence unadjusted
analyses by different modes of
OST provision
9 Risk Ratio (Random, 95% CI) Subtotals only
3.1 Ever used OST 3 375 Risk Ratio (Random, 95% CI) 0.81 [0.52, 1.27]
3.2 Interrupted OST use 3 1157 Risk Ratio (Random, 95% CI) 0.80 [0.57, 1.10]
3.3 Detoxification 1 552 Risk Ratio (Random, 95% CI) 1.45 [0.79, 2.66]
3.4 High dose 2 453 Risk Ratio (Random, 95% CI) 0.52 [0.29, 0.94]
3.5 Low dose 2 453 Risk Ratio (Random, 95% CI) 0.85 [0.44, 1.65]
Comparison 2. Sensitivity analysis: OST versus no OST, adjusted analyses excluding unpublished datasets
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 8 5235 Risk Ratio (Random, 95% CI) 0.42 [0.31, 0.58]
Comparison 3. Sensitivity analysis: OST versus no OST, adjusted analyses excluding studies at critical risk of bias
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 9 5782 Risk Ratio (Random, 95% CI) 0.51 [0.40, 0.64]
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Comparison 4. Sensitivity analysis: OST versus no OST, adjusted analyses excluding cross-sectional studies
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 10 3467 Risk Ratio (Random, 95% CI) 0.51 [0.40, 0.65]
Comparison 5. OST versus no OST, unadjusted analysis
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 16 9499 Risk Ratio (Random, 95% CI) 0.57 [0.45, 0.73]
Comparison 6. High NSP coverage versus no/low NSP coverage
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence adjusted
analyses by region
5 3530 Risk Ratio (Random, 95% CI) 0.79 [0.39, 1.61]
1.1 North America 3 627 Risk Ratio (Random, 95% CI) 1.25 [0.63, 2.46]
1.2 Europe 2 2903 Risk Ratio (Random, 95% CI) 0.24 [0.09, 0.62]
2 HCV incidence adjusted
analyses by study design
5 3530 Risk Ratio (Random, 95% CI) 0.95 [0.50, 1.82]
2.1 Prospective cohorts 3 627 Risk Ratio (Random, 95% CI) 1.44 [1.01, 2.05]
2.2 Cross-sectional surveys 2 2903 Risk Ratio (Random, 95% CI) 0.24 [0.09, 0.62]
Comparison 7. Sensitivity analysis: high NSP versus low/no NSP, excluding unpublished data
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 4 3245 Risk Ratio (Random, 95% CI) 0.77 [0.28, 2.13]
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Comparison 8. Sensitivity analysis: high NSP versus low/no NSP, excluding cross-sectional surveys
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 3 627 Risk Ratio (Random, 95% CI) 1.25 [0.63, 2.46]
Comparison 9. High NSP coverage versus low/no coverage, unadjusted estimates
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 7 6455 Risk Ratio (Random, 95% CI) 0.78 [0.39, 1.55]
Comparison 10. Low NSP coverage versus no coverage
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence, adjusted
analyses
6 2765 Risk Ratio (Random, 95% CI) 1.43 [0.82, 2.49]
Comparison 11. Low NSP coverage versus no NSP, unadjusted analysis
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 HCV incidence 9 3242 Risk Ratio (Random, 95% CI) 1.41 [0.95, 2.09]
Comparison 12. Combined OST and high/low NSP versus no OST and low/no NSP
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1HCV incidence adjusted analyses 3 6197 Risk Ratio (Random, 95% CI) 0.45 [0.22, 0.94]
1.1 High NSP coverage 3 3241 Risk Ratio (Random, 95% CI) 0.26 [0.07, 0.89]
1.2 Low NSP coverage 2 2956 Risk Ratio (Random, 95% CI) 0.87 [0.44, 1.68]
2 HCV incidence unadjusted
analyses
4 6427 Risk Ratio (Random, 95% CI) 0.47 [0.27, 0.80]
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2.1 Combined OST and high
NSP versus no OST and low/
no NSP
4 3356 Risk Ratio (Random, 95% CI) 0.29 [0.13, 0.65]
2.2 Combined OST and low
NSP versus no OST and low/
no NSP
3 3071 Risk Ratio (Random, 95% CI) 0.76 [0.44, 1.33]
Analysis 1.1. Comparison 1 Current OST versus no OST, Outcome 1 HCV incidence adjusted analyses by
region.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 1 Current OST versus no OST
Outcome: 1 HCV incidence adjusted analyses by region
Study or subgroup anti HCV negative HCV new cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 North America
Bruneau 2015 [pers comm] 183 102 -0.30111 (0.23047) 25.0 % 0.74 [ 0.47, 1.16 ]
Mehta 2015 [pers comm] 297 27 -0.19845 (0.743466) 2.4 % 0.82 [ 0.19, 3.52 ]
Nolan 2014 820 184 -0.75502 (0.245775) 22.0 % 0.47 [ 0.29, 0.76 ]
Thiede 2000 76 4 -0.91629 (1.540881) 0.6 % 0.40 [ 0.02, 8.20 ]
Tsui 2014 407 145 -0.94161 (0.401923) 8.2 % 0.39 [ 0.18, 0.86 ]
Subtotal (95% CI) 1783 462 58.3 % 0.57 [ 0.42, 0.76 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 3.08, df = 4 (P = 0.54); I2 =0.0%
Test for overall effect: Z = 3.74 (P = 0.00019)
2 Europe
Craine 2009 269 17 -1.07881 (0.53832) 4.6 % 0.34 [ 0.12, 0.98 ]
Judd 2015 [pers comm] 100 49 -0.71335 (0.550311) 4.4 % 0.49 [ 0.17, 1.44 ]
Lucidarme 2004 149 16 -0.8916 (0.626718) 3.4 % 0.41 [ 0.12, 1.40 ]
Palmateer 2014a 2396 392 -0.65393 (0.41714) 7.6 % 0.52 [ 0.23, 1.18 ]
Rezza 1996 85 21 -1.06471 (0.606502) 3.6 % 0.34 [ 0.11, 1.13 ]
Subtotal (95% CI) 2999 495 23.6 % 0.43 [ 0.27, 0.68 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 0.59, df = 4 (P = 0.96); I2 =0.0%
Test for overall effect: Z = 3.56 (P = 0.00037)
3 Australia
Maher 2015 315 53 -0.77653 (0.309169) 13.9 % 0.46 [ 0.25, 0.84 ]
White 2014 120 7 -0.58779 (0.778217) 2.2 % 0.56 [ 0.12, 2.55 ]
White 2014 114 13 -1.72988 (0.815154) 2.0 % 0.18 [ 0.04, 0.88 ]
0.01 0.1 1 10 100
Favours OST Favours no OST
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(. . . Continued)
Study or subgroup anti HCV negative HCV new cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Subtotal (95% CI) 549 73 18.1 % 0.42 [ 0.25, 0.72 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 1.33, df = 2 (P = 0.51); I2 =0.0%
Test for overall effect: Z = 3.17 (P = 0.0015)
Total (95% CI) 5331 1030 100.0 % 0.50 [ 0.40, 0.63 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 6.50, df = 12 (P = 0.89); I2 =0.0%
Test for overall effect: Z = 5.93 (P < 0.00001)
Test for subgroup differences: Chi2 = 1.50, df = 2 (P = 0.47), I2 =0.0%
0.01 0.1 1 10 100
Favours OST Favours no OST
Analysis 1.2. Comparison 1 Current OST versus no OST, Outcome 2 HCV incidence adjusted analysis by
study design.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 1 Current OST versus no OST
Outcome: 2 HCV incidence adjusted analysis by study design
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 Prospective cohort
Bruneau 2015 [pers comm] 183 102 -0.30111 (0.23047) 25.0 % 0.74 [ 0.47, 1.16 ]
Craine 2009 269 17 -1.07881 (0.53832) 4.6 % 0.34 [ 0.12, 0.98 ]
Judd 2015 [pers comm] 100 49 -0.71335 (0.550311) 4.4 % 0.49 [ 0.17, 1.44 ]
Lucidarme 2004 149 16 -0.8916 (0.626718) 3.4 % 0.41 [ 0.12, 1.40 ]
Maher 2015 315 53 -0.77653 (0.309169) 13.9 % 0.46 [ 0.25, 0.84 ]
Mehta 2015 [pers comm] 297 27 -0.19845 (0.743466) 2.4 % 0.82 [ 0.19, 3.52 ]
Nolan 2014 820 184 -0.75502 (0.245774) 22.0 % 0.47 [ 0.29, 0.76 ]
Thiede 2000 76 4 -0.91629 (1.540881) 0.6 % 0.40 [ 0.02, 8.20 ]
Tsui 2014 407 145 -0.94161 (0.401923) 8.2 % 0.39 [ 0.18, 0.86 ]
White 2014 114 13 -1.72988 (0.815154) 2.0 % 0.18 [ 0.04, 0.88 ]
0.01 0.1 1 10 100
Favours OST Favours no OST
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Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
White 2014 120 7 -0.58779 (0.778217) 2.2 % 0.56 [ 0.12, 2.55 ]
Subtotal (95% CI) 2850 617 88.7 % 0.51 [ 0.40, 0.65 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 6.09, df = 10 (P = 0.81); I2 =0.0%
Test for overall effect: Z = 5.48 (P < 0.00001)
2 Cross-sectional surveys
Palmateer 2014a 2396 392 -0.65393 (0.41714) 7.6 % 0.52 [ 0.23, 1.18 ]
Rezza 1996 85 21 -1.06471 (0.606502) 3.6 % 0.34 [ 0.11, 1.13 ]
Subtotal (95% CI) 2481 413 11.3 % 0.46 [ 0.23, 0.89 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 0.31, df = 1 (P = 0.58); I2 =0.0%
Test for overall effect: Z = 2.29 (P = 0.022)
Total (95% CI) 5331 1030 100.0 % 0.50 [ 0.40, 0.63 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 6.50, df = 12 (P = 0.89); I2 =0.0%
Test for overall effect: Z = 5.93 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.10, df = 1 (P = 0.75), I2 =0.0%
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Analysis 1.3. Comparison 1 Current OST versus no OST, Outcome 3 HCV incidence unadjusted analyses by
different modes of OST provision.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 1 Current OST versus no OST
Outcome: 3 HCV incidence unadjusted analyses by different modes of OST provision
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 Ever used OST
Ruan 2007 39 47 -0.69314 (0.4775) 23.0 % 0.50 [ 0.20, 1.27 ]
Vallejo 2015 95 42 -0.10536 (0.29672) 59.5 % 0.90 [ 0.50, 1.61 ]
Van Beek 1998 126 26 0.07696 (0.54795) 17.5 % 1.08 [ 0.37, 3.16 ]
Subtotal (95% CI) 260 115 100.0 % 0.81 [ 0.52, 1.27 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 1.42, df = 2 (P = 0.49); I2 =0.0%
Test for overall effect: Z = 0.91 (P = 0.36)
2 Interrupted OST use
Crofts 1997 63 10 -0.41551 (0.0914) 45.8 % 0.66 [ 0.55, 0.79 ]
Nolan 2014 820 184 -0.06827 (0.00272) 53.1 % 0.93 [ 0.93, 0.94 ]
Thiede 2000 74 6 -0.22341 (1.54688) 1.1 % 0.80 [ 0.04, 16.58 ]
Subtotal (95% CI) 957 200 100.0 % 0.80 [ 0.57, 1.10 ]
Heterogeneity: Tau2 = 0.05; Chi2 = 14.43, df = 2 (P = 0.00074); I2 =86%
Test for overall effect: Z = 1.38 (P = 0.17)
3 Detoxification
Tsui 2014 403 149 0.37156 (0.30935) 100.0 % 1.45 [ 0.79, 2.66 ]
Subtotal (95% CI) 403 149 100.0 % 1.45 [ 0.79, 2.66 ]
Heterogeneity: not applicable
Test for overall effect: Z = 1.20 (P = 0.23)
4 High dose
Bruneau 2015 [pers comm] 183 102 -0.99425 (0.3951) 44.2 % 0.37 [ 0.17, 0.80 ]
Van Den Berg 2007 122 46 -0.38566 (0.33669) 55.8 % 0.68 [ 0.35, 1.32 ]
Subtotal (95% CI) 305 148 100.0 % 0.52 [ 0.29, 0.94 ]
Heterogeneity: Tau2 = 0.05; Chi2 = 1.37, df = 1 (P = 0.24); I2 =27%
Test for overall effect: Z = 2.17 (P = 0.030)
5 Low dose
Bruneau 2015 [pers comm] 183 102 0.13976 (0.25338) 55.7 % 1.15 [ 0.70, 1.89 ]
Van Den Berg 2007 123 45 -0.54472 (0.34278) 44.3 % 0.58 [ 0.30, 1.14 ]
Subtotal (95% CI) 306 147 100.0 % 0.85 [ 0.44, 1.65 ]
Heterogeneity: Tau2 = 0.14; Chi2 = 2.58, df = 1 (P = 0.11); I2 =61%
Test for overall effect: Z = 0.48 (P = 0.63)
Test for subgroup differences: Chi2 = 5.72, df = 4 (P = 0.22), I2 =30%
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Analysis 2.1. Comparison 2 Sensitivity analysis: OST versus no OST, adjusted analyses excluding
unpublished datasets, Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 2 Sensitivity analysis: OST versus no OST, adjusted analyses excluding unpublished datasets
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Craine 2009 269 17 -1.07881 (0.53832) 8.5 % 0.34 [ 0.12, 0.98 ]
Lucidarme 2004 149 16 -0.8916 (0.62671) 6.2 % 0.41 [ 0.12, 1.40 ]
Nolan 2014 820 184 -0.75502 (0.24577) 40.6 % 0.47 [ 0.29, 0.76 ]
Palmateer 2014a 2396 392 -0.65393 (0.41714) 14.1 % 0.52 [ 0.23, 1.18 ]
Rezza 1996 85 21 -1.06471 (0.6065) 6.7 % 0.34 [ 0.11, 1.13 ]
Thiede 2000 76 4 -0.91629 (1.54088) 1.0 % 0.40 [ 0.02, 8.20 ]
Tsui 2014 407 145 -0.94161 (0.40192) 15.2 % 0.39 [ 0.18, 0.86 ]
White 2014 114 7 -0.58779 (0.77821) 4.0 % 0.56 [ 0.12, 2.55 ]
White 2014 120 13 -1.72988 (0.81515) 3.7 % 0.18 [ 0.04, 0.88 ]
Total (95% CI) 4436 799 100.0 % 0.42 [ 0.31, 0.58 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 2.01, df = 8 (P = 0.98); I2 =0.0%
Test for overall effect: Z = 5.47 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 3.1. Comparison 3 Sensitivity analysis: OST versus no OST, adjusted analyses excluding studies at
critical risk of bias, Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 3 Sensitivity analysis: OST versus no OST, adjusted analyses excluding studies at critical risk of bias
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Bruneau 2015 [pers comm] 183 102 -0.30111 (0.23047) 28.0 % 0.74 [ 0.47, 1.16 ]
Craine 2009 269 17 -1.07881 (0.53832) 5.1 % 0.34 [ 0.12, 0.98 ]
Lucidarme 2004 149 16 -0.8916 (0.62671) 3.8 % 0.41 [ 0.12, 1.40 ]
Maher 2015 315 53 -0.77653 (0.309169) 15.5 % 0.46 [ 0.25, 0.84 ]
Nolan 2014 820 184 -0.75502 (0.24577) 24.6 % 0.47 [ 0.29, 0.76 ]
Palmateer 2014a 2396 392 -0.65393 (0.41714) 8.5 % 0.52 [ 0.23, 1.18 ]
Thiede 2000 76 4 -0.91629 (1.54088) 0.6 % 0.40 [ 0.02, 8.20 ]
Tsui 2014 407 145 -0.94161 (0.40192) 9.2 % 0.39 [ 0.18, 0.86 ]
White 2014 120 7 -0.58779 (0.77821) 2.5 % 0.56 [ 0.12, 2.55 ]
White 2014 114 13 -1.72988 (0.81515) 2.2 % 0.18 [ 0.04, 0.88 ]
Total (95% CI) 4849 933 100.0 % 0.51 [ 0.40, 0.64 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 5.68, df = 9 (P = 0.77); I2 =0.0%
Test for overall effect: Z = 5.58 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 4.1. Comparison 4 Sensitivity analysis: OST versus no OST, adjusted analyses excluding cross-
sectional studies, Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 4 Sensitivity analysis: OST versus no OST, adjusted analyses excluding cross-sectional studies
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Bruneau 2015 [pers comm] 183 102 -0.30111 (0.23047) 28.2 % 0.74 [ 0.47, 1.16 ]
Craine 2009 269 17 -1.07881 (0.53832) 5.2 % 0.34 [ 0.12, 0.98 ]
Judd 2015 [pers comm] 100 49 -0.71335 (0.55031) 4.9 % 0.49 [ 0.17, 1.44 ]
Lucidarme 2004 149 16 -0.8916 (0.62671) 3.8 % 0.41 [ 0.12, 1.40 ]
Maher 2015 315 53 -0.77653 (0.30916) 15.7 % 0.46 [ 0.25, 0.84 ]
Mehta 2015 [pers comm] 297 27 -0.19845 (0.74346) 2.7 % 0.82 [ 0.19, 3.52 ]
Nolan 2014 820 184 -0.75502 (0.24577) 24.8 % 0.47 [ 0.29, 0.76 ]
Thiede 2000 76 4 -0.91629 (1.54088) 0.6 % 0.40 [ 0.02, 8.20 ]
Tsui 2014 407 145 -0.94161 (0.40192) 9.3 % 0.39 [ 0.18, 0.86 ]
White 2014 114 7 -0.58779 (0.77821) 2.5 % 0.56 [ 0.12, 2.55 ]
White 2014 120 13 -1.72988 (0.81515) 2.3 % 0.18 [ 0.04, 0.88 ]
Total (95% CI) 2850 617 100.0 % 0.51 [ 0.40, 0.65 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 6.09, df = 10 (P = 0.81); I2 =0.0%
Test for overall effect: Z = 5.48 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 5.1. Comparison 5 OST versus no OST, unadjusted analysis, Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 5 OST versus no OST, unadjusted analysis
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Aitken 2015 [pers comm] 81 17 -0.22314 (0.48395) 5.1 % 0.80 [ 0.31, 2.07 ]
Bruneau 2015 [pers comm] 183 102 -0.30111 (0.23047) 11.8 % 0.74 [ 0.47, 1.16 ]
Craine 2009 269 17 -1.30933 (0.5338) 4.4 % 0.27 [ 0.09, 0.77 ]
Crofts 1997 60 13 0.58778 (0.65219) 3.2 % 1.80 [ 0.50, 6.46 ]
Hope 2015 [pers comm] 916 3 -1.42712 (0.80208) 2.2 % 0.24 [ 0.05, 1.16 ]
Hope 2015 [pers comm] 917 2 0.27002 (1.4271) 0.8 % 1.31 [ 0.08, 21.48 ]
Hope 2015 [pers comm] 917 2 0.43825 (1.2301) 1.0 % 1.55 [ 0.14, 17.27 ]
Judd 2015 [pers comm] 100 49 -0.75502 (0.54024) 4.3 % 0.47 [ 0.16, 1.36 ]
Lucidarme 2004 149 16 -1.07881 (0.56051) 4.0 % 0.34 [ 0.11, 1.02 ]
Maher 2015 315 53 -0.84397 (0.29067) 9.6 % 0.43 [ 0.24, 0.76 ]
Mehta 2015 [pers comm] 297 27 -0.51083 (0.73632) 2.6 % 0.60 [ 0.14, 2.54 ]
Nolan 2014 820 184 -0.40048 (0.20113) 13.0 % 0.67 [ 0.45, 0.99 ]
Palmateer 2014a 2396 392 -0.67334 (0.2889) 9.7 % 0.51 [ 0.29, 0.90 ]
Spittal 2012 103 45 0.74668 (0.47631) 5.2 % 2.11 [ 0.83, 5.37 ]
Thiede 2000 76 4 -1.20397 (1.50155) 0.7 % 0.30 [ 0.02, 5.69 ]
Tsui 2014 407 145 -1.17118 (0.39166) 6.8 % 0.31 [ 0.14, 0.67 ]
Van Den Berg 2007 111 57 -0.40048 (0.27138) 10.3 % 0.67 [ 0.39, 1.14 ]
White 2014 114 7 -0.42527 (0.76571) 2.4 % 0.65 [ 0.15, 2.93 ]
White 2014 120 13 -1.96571 (0.66127) 3.1 % 0.14 [ 0.04, 0.51 ]
Total (95% CI) 8351 1148 100.0 % 0.57 [ 0.45, 0.73 ]
Heterogeneity: Tau2 = 0.08; Chi2 = 26.63, df = 18 (P = 0.09); I2 =32%
Test for overall effect: Z = 4.41 (P = 0.000010)
Test for subgroup differences: Not applicable
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Analysis 6.1. Comparison 6 High NSP coverage versus no/low NSP coverage, Outcome 1 HCV incidence
adjusted analyses by region.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 6 High NSP coverage versus no/low NSP coverage
Outcome: 1 HCV incidence adjusted analyses by region
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 North America
Bruneau 2015 [pers comm] 183 102 -0.35667 (0.225685) 26.1 % 0.70 [ 0.45, 1.09 ]
Hagan 1999 161 26 0.270027 (0.260108) 25.2 % 1.31 [ 0.79, 2.18 ]
Patrick 2001 93 62 0.940007 (0.408327) 21.2 % 2.56 [ 1.15, 5.70 ]
Subtotal (95% CI) 437 190 72.5 % 1.25 [ 0.63, 2.46 ]
Heterogeneity: Tau2 = 0.27; Chi2 = 8.70, df = 2 (P = 0.01); I2 =77%
Test for overall effect: Z = 0.64 (P = 0.53)
2 Europe
Hope 2011 101 14 -1.27297 (0.633905) 15.3 % 0.28 [ 0.08, 0.97 ]
Palmateer 2014a 2396 392 -1.7148 (0.785616) 12.2 % 0.18 [ 0.04, 0.84 ]
Subtotal (95% CI) 2497 406 27.5 % 0.24 [ 0.09, 0.62 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 0.19, df = 1 (P = 0.66); I2 =0.0%
Test for overall effect: Z = 2.93 (P = 0.0034)
Total (95% CI) 2934 596 100.0 % 0.79 [ 0.39, 1.61 ]
Heterogeneity: Tau2 = 0.45; Chi2 = 17.42, df = 4 (P = 0.002); I2 =77%
Test for overall effect: Z = 0.64 (P = 0.52)
Test for subgroup differences: Chi2 = 7.64, df = 1 (P = 0.01), I2 =87%
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Analysis 6.2. Comparison 6 High NSP coverage versus no/low NSP coverage, Outcome 2 HCV incidence
adjusted analyses by study design.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 6 High NSP coverage versus no/low NSP coverage
Outcome: 2 HCV incidence adjusted analyses by study design
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 Prospective cohorts
Patrick 2001 93 62 0.940007 (0.408327) 21.1 % 2.56 [ 1.15, 5.70 ]
Hagan 1999 161 26 0.270027 (0.260108) 26.0 % 1.31 [ 0.79, 2.18 ]
Bruneau 2015 [pers comm] 183 102 0.225685 (0.225685) 27.1 % 1.25 [ 0.81, 1.95 ]
Subtotal (95% CI) 437 190 74.1 % 1.44 [ 1.01, 2.05 ]
Heterogeneity: Tau2 = 0.02; Chi2 = 2.49, df = 2 (P = 0.29); I2 =20%
Test for overall effect: Z = 2.04 (P = 0.042)
2 Cross-sectional surveys
Palmateer 2014a 2396 392 -1.7148 (0.785616) 11.3 % 0.18 [ 0.04, 0.84 ]
Hope 2011 101 14 -1.27297 (0.633905) 14.5 % 0.28 [ 0.08, 0.97 ]
Subtotal (95% CI) 2497 406 25.9 % 0.24 [ 0.09, 0.62 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 0.19, df = 1 (P = 0.66); I2 =0.0%
Test for overall effect: Z = 2.93 (P = 0.0034)
Total (95% CI) 2934 596 100.0 % 0.95 [ 0.50, 1.82 ]
Heterogeneity: Tau2 = 0.36; Chi2 = 14.70, df = 4 (P = 0.01); I2 =73%
Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Chi2 = 11.92, df = 1 (P = 0.00), I2 =92%
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Analysis 7.1. Comparison 7 Sensitivity analysis: high NSP versus low/no NSP, excluding unpublished data,
Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 7 Sensitivity analysis: high NSP versus low/no NSP, excluding unpublished data
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Hagan 1999 161 26 0.270027 (0.26010814) 30.9 % 1.31 [ 0.79, 2.18 ]
Hope 2011 101 14 -1.27297 (0.633905) 22.4 % 0.28 [ 0.08, 0.97 ]
Palmateer 2014a 2396 392 -1.7148 (0.785616) 19.0 % 0.18 [ 0.04, 0.84 ]
Patrick 2001 93 0.94000727 (0.40832657) 62 27.7 % 2.56 [ 1.15, 5.70 ]
Total (95% CI) 2751 494 100.0 % 0.77 [ 0.28, 2.13 ]
Heterogeneity: Tau2 = 0.81; Chi2 = 14.63, df = 3 (P = 0.002); I2 =79%
Test for overall effect: Z = 0.51 (P = 0.61)
Test for subgroup differences: Not applicable
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Analysis 8.1. Comparison 8 Sensitivity analysis: high NSP versus low/no NSP, excluding cross-sectional
surveys, Outcome 1 HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 8 Sensitivity analysis: high NSP versus low/no NSP, excluding cross-sectional surveys
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Bruneau 2015 [pers comm] 183 102 -0.35667 (0.225685) 37.2 % 0.70 [ 0.45, 1.09 ]
Hagan 1999 161 26 0.270027 (0.260108) 35.4 % 1.31 [ 0.79, 2.18 ]
Patrick 2001 93 62 0.940007 (0.408327) 27.4 % 2.56 [ 1.15, 5.70 ]
Total (95% CI) 437 190 100.0 % 1.25 [ 0.63, 2.46 ]
Heterogeneity: Tau2 = 0.27; Chi2 = 8.70, df = 2 (P = 0.01); I2 =77%
Test for overall effect: Z = 0.64 (P = 0.53)
Test for subgroup differences: Not applicable
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Analysis 9.1. Comparison 9 High NSP coverage versus low/no coverage, unadjusted estimates, Outcome 1
HCV incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 9 High NSP coverage versus low/no coverage, unadjusted estimates
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Bruneau 2015 [pers comm] 183 102 -0.216136 (0.221199) 16.2 % 0.81 [ 0.52, 1.24 ]
Hagan 1999 161 26 0.350657 (0.404929) 14.1 % 1.42 [ 0.64, 3.14 ]
Hope 2011 101 14 -2.17253 (0.790184) 9.2 % 0.11 [ 0.02, 0.54 ]
Hope 2015 [pers comm] 917 3 -0.01005 (0.786869) 9.3 % 0.99 [ 0.21, 4.63 ]
Hope 2015 [pers comm] 917 2 -0.31471 (1.454621) 4.4 % 0.73 [ 0.04, 12.63 ]
Hope 2015 [pers comm] 916 2 -0.59784 (1.232121) 5.6 % 0.55 [ 0.05, 6.15 ]
Palmateer 2014a 2396 392 -1.34707 (0.611708) 11.4 % 0.26 [ 0.08, 0.86 ]
Patrick 2001 93 62 1.305627 (0.283051) 15.5 % 3.69 [ 2.12, 6.43 ]
Van Den Berg 2007 138 30 -0.47804 (0.374066) 14.4 % 0.62 [ 0.30, 1.29 ]
Total (95% CI) 5822 633 100.0 % 0.78 [ 0.39, 1.55 ]
Heterogeneity: Tau2 = 0.72; Chi2 = 37.14, df = 8 (P = 0.00001); I2 =78%
Test for overall effect: Z = 0.72 (P = 0.47)
Test for subgroup differences: Not applicable
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Analysis 10.1. Comparison 10 Low NSP coverage versus no coverage, Outcome 1 HCV incidence, adjusted
analyses.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 10 Low NSP coverage versus no coverage
Outcome: 1 HCV incidence, adjusted analyses
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Hagan 1995 26 20 -1.9865 (0.766958) 9.3 % 0.14 [ 0.03, 0.62 ]
Hagan 1999 171 16 0.951658 (0.606068) 12.5 % 2.59 [ 0.79, 8.50 ]
Holtzman 2009 1149 139 0.398776 (0.22179) 24.9 % 1.49 [ 0.96, 2.30 ]
Maher 2015 315 53 0.444686 (0.29344) 22.3 % 1.56 [ 0.88, 2.77 ]
Mehta 2015 [pers comm] 316 8 -0.27444 (1.03044) 6.0 % 0.76 [ 0.10, 5.73 ]
Page 2015 [pers comm] 381 171 0.963174 (0.218058) 25.0 % 2.62 [ 1.71, 4.02 ]
Total (95% CI) 2358 407 100.0 % 1.43 [ 0.82, 2.49 ]
Heterogeneity: Tau2 = 0.27; Chi2 = 16.20, df = 5 (P = 0.01); I2 =69%
Test for overall effect: Z = 1.26 (P = 0.21)
Test for subgroup differences: Not applicable
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Analysis 11.1. Comparison 11 Low NSP coverage versus no NSP, unadjusted analysis, Outcome 1 HCV
incidence.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 11 Low NSP coverage versus no NSP, unadjusted analysis
Outcome: 1 HCV incidence
Study or subgroup anti-HCV negative HCV new cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
Hagan 1995 26 20 -2.09679 (0.778582) 5.1 % 0.12 [ 0.03, 0.57 ]
Hagan 1999 171 16 0.542324 (0.452855) 10.2 % 1.72 [ 0.71, 4.18 ]
Holtzman 2009 1149 139 0.198851 (0.179772) 18.1 % 1.22 [ 0.86, 1.74 ]
Maher 2015 315 53 0.620577 (0.290575) 14.6 % 1.86 [ 1.05, 3.29 ]
Mehta 2015 [pers comm] 316 8 0.322084 (1.075078) 3.0 % 1.38 [ 0.17, 11.35 ]
Page 2015 [pers comm] 381 0 1.036737 (0.218905) 16.9 % 2.82 [ 1.84, 4.33 ]
Thorpe 2002 324 29 0.254642 (0.392058) 11.7 % 1.29 [ 0.60, 2.78 ]
Van Den Berg 2007 139 29 0.444686 (0.384855) 11.9 % 1.56 [ 0.73, 3.32 ]
White 2014 102 25 0 (0.528692) 8.6 % 1.00 [ 0.35, 2.82 ]
Total (95% CI) 2923 319 100.0 % 1.41 [ 0.95, 2.09 ]
Heterogeneity: Tau2 = 0.19; Chi2 = 21.21, df = 8 (P = 0.01); I2 =62%
Test for overall effect: Z = 1.71 (P = 0.088)
Test for subgroup differences: Not applicable
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Analysis 12.1. Comparison 12 Combined OST and high/low NSP versus no OST and low/no NSP, Outcome
1 HCV incidence adjusted analyses.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 12 Combined OST and high/low NSP versus no OST and low/no NSP
Outcome: 1 HCV incidence adjusted analyses
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 High NSP coverage
Bruneau 2015 [pers comm] 183 102 -0.52763 (0.27035) 24.7 % 0.59 [ 0.35, 1.00 ]
Palmateer 2014a 2396 392 -2.99573 (0.73734) 13.5 % 0.05 [ 0.01, 0.21 ]
Van Den Berg 2007 151 17 -1.02165 (0.528005) 18.2 % 0.36 [ 0.13, 1.01 ]
Subtotal (95% CI) 2730 511 56.4 % 0.26 [ 0.07, 0.89 ]
Heterogeneity: Tau2 = 0.94; Chi2 = 9.99, df = 2 (P = 0.01); I2 =80%
Test for overall effect: Z = 2.14 (P = 0.032)
2 Low NSP coverage
Palmateer 2014a 2396 392 -0.52763 (0.420199) 20.9 % 0.59 [ 0.26, 1.34 ]
Van Den Berg 2007 123 45 0.157004 (0.348184) 22.7 % 1.17 [ 0.59, 2.32 ]
Subtotal (95% CI) 2519 437 43.6 % 0.87 [ 0.44, 1.68 ]
Heterogeneity: Tau2 = 0.09; Chi2 = 1.57, df = 1 (P = 0.21); I2 =36%
Test for overall effect: Z = 0.43 (P = 0.67)
Total (95% CI) 5249 948 100.0 % 0.45 [ 0.22, 0.94 ]
Heterogeneity: Tau2 = 0.50; Chi2 = 15.93, df = 4 (P = 0.003); I2 =75%
Test for overall effect: Z = 2.12 (P = 0.034)
Test for subgroup differences: Chi2 = 2.85, df = 1 (P = 0.09), I2 =65%
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Analysis 12.2. Comparison 12 Combined OST and high/low NSP versus no OST and low/no NSP, Outcome
2 HCV incidence unadjusted analyses.
Review: Needle syringe programmes and opioid substitution therapy for preventing hepatitis C transmission in people who inject drugs
Comparison: 12 Combined OST and high/low NSP versus no OST and low/no NSP
Outcome: 2 HCV incidence unadjusted analyses
Study or subgroup anti-HCV negative new HCV cases log [Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% CI IV,Random,95% CI
1 Combined OST and high NSP versus no OST and low/no NSP
Bruneau 2015 [pers comm] 183 102 -0.46204 (0.270896) 20.3 % 0.63 [ 0.37, 1.07 ]
Hope 2011 108 7 -1.75254 (1.115853) 4.8 % 0.17 [ 0.02, 1.54 ]
Palmateer 2014a 2396 392 -1.42712 (0.457081) 14.8 % 0.24 [ 0.10, 0.59 ]
Van Den Berg 2007 151 17 -1.89712 (0.501559) 13.7 % 0.15 [ 0.06, 0.40 ]
Subtotal (95% CI) 2838 518 53.6 % 0.29 [ 0.13, 0.65 ]
Heterogeneity: Tau2 = 0.40; Chi2 = 8.42, df = 3 (P = 0.04); I2 =64%
Test for overall effect: Z = 3.00 (P = 0.0027)
2 Combined OST and low NSP versus no OST and low/no NSP
Hope 2011 103 12 0.080043 (0.64301) 10.5 % 1.08 [ 0.31, 3.82 ]
Palmateer 2014a 2396 392 -0.73397 (0.350975) 17.8 % 0.48 [ 0.24, 0.95 ]
Van Den Berg 2007 123 45 0.039221 (0.345081) 18.0 % 1.04 [ 0.53, 2.05 ]
Subtotal (95% CI) 2622 449 46.4 % 0.76 [ 0.44, 1.33 ]
Heterogeneity: Tau2 = 0.07; Chi2 = 2.84, df = 2 (P = 0.24); I2 =30%
Test for overall effect: Z = 0.96 (P = 0.34)
Total (95% CI) 5460 967 100.0 % 0.47 [ 0.27, 0.80 ]
Heterogeneity: Tau2 = 0.30; Chi2 = 15.87, df = 6 (P = 0.01); I2 =62%
Test for overall effect: Z = 2.80 (P = 0.0051)
Test for subgroup differences: Chi2 = 3.71, df = 1 (P = 0.05), I2 =73%
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Table 1. Risk of bias of included studies (Continued)
Aitken 2015
[pers comm]
Critical Critical Serious No info Critical Low No info Critical
Bruneau
2015 [pers
comm]
Moderate Serious Moderate No info No info Low Low Serious
Craine 2009 Serious Serious Serious No info Serious Low Low Serious
Crofts 1997 Critical Serious Low No info Serious Serious Low Critical
Hagan 1995 Serious Serious Serious No info Low Low Low Serious
Hagan 1999 Moderate Serious Low No info Low Low Low Serious
Holtzman
2009
Serious Serious Moderate No info No info Low Low Serious
Hope 2011 Moderate Moderate Serious No info Low Low Low Serious
Hope 2015
[pers comm]
Moderate Moderate Serious No info No info Low Low Serious
Judd 2015
[pers comm]
Moderate Critical Critical No info Critical Low Low Critical
Lucidarme
2004
Moderate Serious Serious No info Serious Low Low Serious
Maher 2015 Moderate Serious Serious No info No info Low Low Serious
Mehta 2015
[pers comm]
Moderate No info No info No info No info Low Low No info
Nolan 2014 Serious Serious Moderate No info Low Low Low Serious
Page 2015
[pers comm]
Moderate No info No info No info No info Low Low No info
Palmateer
2014a
Serious Serious Moderate No info Serious Low Low Serious
Patrick 2001 Serious Moderate Serious No info Serious Low Low Serious
Rezza 1996 Serious Low Serious No info Critical Low Low Critical
Roy 2007 Serious Serious Serious No info Critical Low Low Critical
Ruan 2007 Critical Critical Serious No info Serious Low Low Critical
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Table 1. Risk of bias of included studies (Continued)
Spittal 2012 Serious Serious Moderate No info Low Low Low Serious
Thiede
2000
Moderate Moderate Low No info Low Low Low Moderate
Thorpe
2002
Serious Serious Serious No info Moderate Low Low Serious
Tsui 2014 Moderate Moderate Low No info Moderate Low Low Moderate
Vallejo 2015 Serious Serious Low No info Serious Low Low Serious
Van Beek
1998
Critical Serious Serious No info Critical Low Low Critical
Van Den
Berg 2007
Serious Serious Moderate No info Serious Low Low Serious
White 2014 Moderate Serious Moderate No info No info Low Low Serious
Table 2. Univariable meta-regression analysis for studies measuring impact of current use of OST on HCV incidence
Variable Studies Univariable rate ratio
(95% CI)
Ratio of rate ratios
(95% CI)
P value Tau2
Geographic region
Europe 8 0.51 (0.37-0.70) 1.0 (ref ) - -
Australia 5 0.55 (0.28-1.11) 1.12 (0.52-2.41) - -
North America 6 0.69 (0.44-1.08) 1.42 (0.73-2.78) 0.53 0.10
Site of recruitment
Service attenders 12 0.67 (0.49-0.92) 1.0 (ref ) - -
Community 7 0.49 (0.33-0.73) 0.73 (0.42-1.27) 0.256 0.06
Study design
Cross-sectional 4 0.51 (0.31-0.85) 1.0 - -
Prospective cohort 15 0.58 (0.43-0.77) 1.12 (0.48-2.61) 0.784 0.10
Females 17 - 1.59 (1.13-2.29) 0.01 0.04
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Table 2. Univariable meta-regression analysis for studies measuring impact of current use of OST on HCV incidence (Con-
tinued)
Prison experience 11 - 1.057 (0.61-1.79) 0.821 0.43
Experience of
homelessness
12 - 1.08 (0.83-1.40) 0.521 0.23
Injection of stimu-
lants
12 - 0.89 (0.65-1.22) 0.373 0.17
Daily injection 7 - 0.88 (0.64-1.22) 0.373 0.17
CI: confidence interval; HCV: hepatitis C virus; OST: opioid substitution therapy.
Table 3. Univariable meta-regression analysis for studies measuring impact of high NSP coverage on HCV incidence
Variable Studies Univariable rate ratio
(95%CI)
Ratio of rate ratios
(95%CI)
P value Tau2
Geographic region
Europe 5 0.44 (0.24-0.80) 1.0 (Ref ) - -
North America 3 1.58 (0.57-4.42) 3.73 (0.95-14.7) 0.057 0.41
Recruitment site
Service attenders 3 0.67 (0.28-1.59) 1.0 (Ref ) - -
Community 5 0.82 (0.29-2.32) 0.76(0.12-4.88) 0.74 0.89
Study design
Cross-sectional sur-
vey
3 0.34 (0.16-0.75) 1.0 (Ref ) - -
Prospective cohort 4 1.26 (0.55-2.93) 3.53 (0.78-15.86) 0.087 0.48
Females 7 - 2.97(0.38-23.1) 0.24 0.87
Prison experience 3 - NA - -
Experience of
homelessness
6 - 1.01 (0.38-2.67) 0.976 1.53
Injection of stimu-
lants
7 - 1.08 (0.47-2.51) 0.827 1.15
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Table 3. Univariable meta-regression analysis for studies measuring impact of high NSP coverage on HCV incidence (Con-
tinued)
Daily injection 5 - 3.66 (0.22-61.3) 0.239 1.15
CI: confidence interval; HCV: hepatitis C virus; NSP: needle syringe programmes.
A P P E N D I C E S
Appendix 1. Search strategies to identify studies that measure the impact of NSP/OST on HCV
incidence
Cochrane Drug and Alcohol Group Specialised Register (CRS)
1. (HCV) AND (INREGISTER)
2. (“hepatitis C”) AND (INREGISTER)
3. (“hep C”) AND (INREGISTER)
4. #1 OR #2 OR #3
CENTRAL, DARE, NHSEED and HTA (Cochrane Library)
1. MeSH descriptor: [Needle-Exchange Programs] explode all trees
2. MeSH descriptor: [Community Pharmacy Services] explode all trees
3. ((needle* or syringe* or inject*) near/3 exchange):ti,ab,kw (Word variations have been searched)
4. MeSH descriptor: [Harm Reduction] explode all trees
5. (harm near/2 reduc*):ti,ab,kw (Word variations have been searched)
6. (needle* or syringe* or inject*) near/3 (suppl* or access* or provision or provid* or distribut* or dispens* or pack*):ti,ab,kw
(Word variations have been searched)
7. (needle* or syringe* or inject*) near/3 (program* or service* or center* or centre* or scheme* or facility or facilities or area* or
pharmacy or pharmacies or unit or units or room*):ti,ab,kw (Word variations have been searched)
8. (needle* or syringe* or inject* or slot or dispensing or vending) near/3 (machine* or (peer next distrib*)):ti,ab,kw (Word
variations have been searched)
9. #1 or #2 or #3 or #4 or #5 or #5 or #6 or #7 or #8
10. MeSH descriptor: [Substance Abuse, Intravenous] explode all trees
11. ((substance* or drug* or opiate* or opioid* or heroin* or morphin* or morfin* or narcot*) near/6 (use* or abus* or misuse* or
addict* or depend*)):ti,ab,kw (Word variations have been searched)
12. (substance* or drug) and (inject* or intravenous):ti,ab,kw (Word variations have been searched)
13. #10 or #11 or #12
14. MeSH descriptor: [Opiate Substitution Treatment] explode all trees
15. MeSH descriptor: [Methadone] explode all trees
16. MeSH descriptor: [Buprenorphine] explode all trees
17. (substitut* or maint*) near/2 (treatment or therapy):ti,ab,kw (Word variations have been searched)
18. (methadone or buprenorphine or subutex or suboxone):ti,ab,kw (Word variations have been searched)
19. #13 or #14 or #15 or #16 or #17 or #18
20. #9 or #19
21. MeSH descriptor: [Hepatitis C] explode all trees
22. (hepatitis next C) or (hep next C):ti,ab,kw (Word variations have been searched)
23. HCV:ti,ab
24. #21 or #22 or #23
25. #13 and #20 and #24
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MEDLINE, PsycINFO and Global Health (Ovid)
1. Needle-Exchange Programs/
2. Community pharmacy services/
3. ((needle* or syringe* or inject*) adj3 exchange).ab,ti.
4. Harm Reduction/
5. (harm adj reduc*).ab,ti.
6. ((needle* or syringe* or inject*) adj3 (suppl* or access* or provision or provid* or distribut* or dispens* or pack*)).ab,ti.
7. ((needle* or syringe* or inject*) adj3 (program* or service* or center* or centre* or scheme* or facility or facilities or area* or
pharmacy or pharmacies or unit or units or room*)).ab,ti.
8. ((needle* or syringe* or inject* or slot or dispensing or vending) adj3 (machine* or (peer adj distrib*))).ab,ti.
9. or/1-8
10. Substance Abuse, Intravenous/
11. (substance$ or drug$).ab,ti.
12. (abuse$ or depend$ or use$ or misus$ or addict$).ab,ti.
13. (inject$ or intravenous).ab,ti.
14. 10 or (11 and 12) or (11 and 13)
15. opiate substitution treatment/
16. methadone/
17. buprenorphine/
18. (((substitut* or maint*) adj2 (treatment or therapy)) or methadone or buprenorphine or subutex or suboxone).ab,ti.
19. or/15-18
20. exp Hepatitis C/
21. (hepatitis-c or or hep c or hcv).ab,ti.
22. 20 or 21
23. (9 or 19) and 14 and 22
EMBASE (embase.com)
’substance abuse’/expOR ’substance abuse’ OR ((substance* OR drug* OR opiate* OR opioid* OR heroin* ORmorphin* ORmorfin*
OR narcot*) NEAR/6 (use* OR abus* OR misuse* OR addict* OR depend*)):ab,ti OR ((substance* OR drug*) NEAR/6 (inject*
OR intravenous)):ab,ti AND (’hepatitis c’/exp OR ’hepatitis-c’:ab,ti OR ’hep c’:ab,ti OR hcv:ab,ti) AND (’preventive health service’/
exp OR ((needle* OR syringe* OR inject*) NEAR/3 exchange):ab,ti OR ’harm reduction’/exp OR (harm NEAR/2 reduc*):ab,ti OR
((needle* OR syringe* OR inject*) NEAR/3 (suppl* OR access* OR provision OR provid* OR distribut* OR dispens* OR pack*)):
ab,ti OR ((needle* OR syringe* OR inject*) NEAR/3 (program* OR service* OR center* OR centre* OR scheme* OR facility OR
facilities OR area* OR pharmacy OR pharmacies OR unit OR units OR room*)):ab,ti OR ((needle* OR syringe* OR inject* OR slot
OR dispensing OR vending) NEAR/3 (machine* OR peer)):ab,ti OR ’opiate substitution treatment’/exp OR ’methadone’/exp OR
methadone:ab,ti OR ’buprenorphine’/exp OR ’buprenorphine’:ab,ti OR ((substitut* OR maint*) NEAR/2 (treatment OR therapy)):
ab,ti OR subutex:ab,ti OR suboxone:ab,ti)
CINAHL (EBSCO)
1. (MH “Needle Exchange Programs”)
2. TI((needle* OR syringe*OR inject*) N3 exchange) OR AB(needle* OR syringe* OR inject*) N3 exchange)
3. (MH “Harm Reduction”)
4. TI (harm N2 reduc*) OR AB (harm N2 reduc*)
5. TI ((needle* OR syringe* OR inject*) N3 (suppl* OR access* OR provision OR provid* OR distribut* OR dispens* OR pack*)
) OR AB ( TI(needle* OR syringe* OR inject*) N3 (suppl* OR access* OR provision OR provid* OR distribut* OR dispens* OR
pack*))
6. TI ((needle* OR syringe* OR inject*) N3 (program* OR service* OR center* OR centre* OR scheme* OR facility OR facilities
OR area* OR pharmacy OR pharmacies OR unit OR units OR room*)) OR AB ( (needle* OR syringe* OR inject*) N3 (program*
OR service* OR center* OR centre* OR scheme* OR facility or facilities OR area* OR pharmacy OR pharmacies OR unit OR units
OR room*))
7. TI (((needle* OR syringe* OR inject* OR slot OR dispensing OR vending) N3 (machine*OR (peer N2 distrib*)))) OR AB (
((needle* OR syringe* OR inject* OR slot OR dispensing OR vending) N3 (machine* OR (peer N2 distrib*))))
8. S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7
9. (MH “Substance Abuse, Intravenous”)
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10. TI ((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) N6 (use* OR abus*
OR misuse* OR addict* OR depend*))
11. AB ((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) N6 (use* OR abus*
OR misuse* OR addict* ORdepend*))
12. TI (substance* OR drug*) AND TI (inject* OR intravenous)
13. AB(substance* OR drug* ) AND AB( inject* OR intravenous)
14. S9 OR S10 OR S11 OR S12 OR S13
15. (MH “Methadone”) OR (MH “Buprenorphine”)
16. TI (methadone or buprenorphine or subutex or suboxone) OR AB (methadone or buprenorphine or subutex or suboxone)
17. TX (substitut* or maint*) N2 (treatment or therapy)
18. S15 OR S16 OR S17
19. (MH “Hepatitis C+”)
20. TI ( “hepatitis-c” or “hep c” or hcv ) OR AB ( “hepatitis-c” or “hep c” or hcv )
21. S19 OR S20
22. S8 OR S18
23. S14 AND S21 AND S22
Web of Science (THOMSON REUTERS)
1. TOPIC: (((needle* OR syringe* OR inject*) NEAR/3 exchange))
2. TOPIC: (harm NEAR/2 reduc*)
3. TOPIC: (((needle* OR syringe* OR inject*) NEAR/3 (suppl* OR access* OR provision OR provid* OR distribut* OR
dispens* OR pack*)))
4. TOPIC: ((needle* or syringe* or inject*) near/3 (program* or service* or center* or centre* or scheme* or facility or facilities or
area* or pharmacy or pharmacies or unit or units or room*))
5. TOPIC: ((needle* or syringe* or inject* or slot or dispensing or vending) NEAR/3 (machine* orpeer))
6. #5 OR #4 OR #3 OR #2 OR #1
7. TOPIC: (((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) NEAR/6 (use*
OR abus* OR misuse* OR addict* OR depend*)))
8. TOPIC: ((substance* or drug) and (inject* or intravenous))
9. #8 OR #7
10. TOPIC: ((substitut* or maint*) near/2 (treatment or therapy))
11. TOPIC: ((methadone or buprenorphine or subutex or suboxone))
12. #11 OR #10
13. TOPIC: (“Hepatitis C”)
14. TOPIC: (“Hep C”)
15. TOPIC: (HCV)
16. #15 OR #14 OR #13
17. #12 OR #6
18. #17 AND #16 AND #9
Indexes=SCI-EXPANDED, SSCI, A&HCI Timespan=All years
Appendix 2. Search strategies to identify longitudinal studies
MEDLINE, PsycINFO & Global Health (Ovid)
1. Substance Abuse, Intravenous/
2. (substance$ or drug$).ab,ti.
3. (abuse$ or depend$ or use$ or misus$ or addict$).ab,ti.
4. (inject$ or intravenous).ab,ti.
5. 1 or (2 and 3) or (2 and 4)
6. exp Hepatitis C/
7. (hepatitis-c or hcv).ab,ti.
8. (HCV adj2 seroconvers$).ti,ab.
9. (HCV adj2 transmission).ti,ab.
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10. or/6-9
11. exp Cohort Studies/
12. exp Longitudinal Studies/
13. (prospective or longitudinal or cohort).ti,ab.
14. or/11-13
15. 5 and 10 and 14
16. Animals/
17. 15 not 16
Embase (embase.com)
’substance abuse’/exp OR ((substance* OR drug* OR opiate* OR opioid* OR heroin* ORmorphin* ORmorfin* OR narcot*) NEAR/
6 (use* OR abus* OR misuse* OR addict* OR depend*)):ab,ti OR ((substance* OR drug*) NEAR/6 (inject* OR intravenous)):ab,ti
AND (’hepatitis c’/exp OR ’hepatitis-c’:ab,ti OR ’hep c’:ab,ti ORhcv:ab,ti) AND (’cohort analysis’/exp OR ’longitudinal study’/exp
OR prospective:ab,ti OR longitudinal:ab,ti OR cohort:ab,ti)
CINAHL (EBSCO)
1. (MH “Substance Abuse, Intravenous”)
2. TI ((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) N6 (use* OR abus*
OR misuse* OR addict* OR depend*))
3. AB ((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) N6 (use* OR abus*
OR misuse* OR addict* OR depend*))
4. TI ( substance* OR drug* ) AND TI ( inject* OR intravenous )
5. AB( substance* OR drug* ) AND AB( inject* OR intravenous )
6. S1 OR S2 OR S3 OR S4 OR S5
7. (MH “Hepatitis C+”)
8. TI ( “hepatitis-c” or “hep c” or hcv ) OR AB ( “hepatitis-c” or “hep c” or hcv )
9. S7 OR S8
10. (MH “Prospective Studies+”)
11. TI ( prospective or longitudinal or cohort ) OR AB ( prospective or longitudinal or cohort )
12. S10 OR S11
13. S6 AND S9 AND S12
Web of Science (THOMSON REUTERS)
1. TOPIC: (((substance* OR drug* OR opiate* OR opioid* OR heroin* OR morphin* OR morfin* OR narcot*) NEAR/6 (use*
OR abus* OR misuse* OR addict* OR depend*)))
2. TOPIC: ((substance* or drug) and (inject* or intravenous))
3. #1 OR #2
4. TOPIC: (“Hepatitis C”)
5. TOPIC: (“Hep C”)
6. TOPIC: (HCV)
7. #4 OR #5 OR #6
8. TOPIC: (prospective or longitudinal or cohort)
9. #3 AND #7 AND #8
Indexes=SCI-EXPANDED, SSCI, A&HCI Timespan=All years
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Appendix 3. Criteria for risk of bias assessment for RCTs
Item Judgment Description
1. Random sequence generation (selection
bias)
Low risk The investigators describe a random component in the sequence gener-
ation process such as: random number table; computer random num-
ber generator; coin tossing; shuffling cards or envelopes; throwing dice;
drawing of lots; minimisation
High risk The investigators describe a non-random component in the sequence
generation process such as: odd or even date of birth; date (or day) of
admission; hospital or clinic record number; alternation; judgment of the
clinician; results of a laboratory test or a series of tests; availability of the
intervention
Unclear risk Insufficient information about the sequence generation process to permit
judgment of low or high risk
2. Allocation concealment (selection bias) Low risk Investigators enrolling participants could not foresee assignment because
one of the following, or an equivalent method, was used to conceal alloca-
tion: central allocation (including telephone, web-based, and pharmacy-
controlled, randomisation); sequentially-numbered drug containers of
identical appearance; sequentially-numbered, opaque, sealed envelopes
High risk Investigators enrolling participants could possibly foresee assignments
because one of the following method was used: open random allocation
schedule (e.g. a list of random numbers); assignment envelopes without
appropriate safeguards (e.g. if envelopes were unsealed or nonopaque or
not sequentially numbered); alternation or rotation; date of birth; case
record number; any other explicitly unconcealed procedure
Unclear risk Insufficient information to permit judgment of low or high risk. This
is usually the case if the method of concealment is not described or not
described in sufficient detail to allow a definite judgment
3. Blinding of participants and providers
(performance bias)
Objective outcomes
Low risk No blinding or incomplete blinding, but the review authors judge that
the outcome is not likely to be influenced by lack of blinding
Blinding of participants and key study personnel ensured, and unlikely
that the blinding could have been broken
High risk No blinding or incomplete blinding, and the outcome is likely to be
influenced by lack of blinding
Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken, and the outcome is likely to
be influenced by lack of blinding
Unclear risk Insufficient information to permit judgment of low or high risk
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(Continued)
4. Blinding of participants and providers
(performance bias)
Subjective outcomes
Low risk Blinding of participants and providers ensured and unlikely that the
blinding could have been broken
High risk No blinding or incomplete blinding, and the outcome is likely to be
influenced by lack of blinding
Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken, and the outcome is likely to
be influenced by lack of blinding
Unclear risk Insufficient information to permit judgment of low or high risk
5. Blinding of outcome assessor (detection
bias)
Objective outcomes
Low risk No blinding of outcome assessment, but the review authors judge that the
outcome measurement is not likely to be influenced by lack of blinding
Blinding of outcome assessment ensured, and unlikely that the blinding
could have been broken
High risk No blinding of outcome assessment, and the outcome measurement is
likely to be influenced by lack of blinding
Blinding of outcome assessment, but likely that the blinding could have
been broken, and the outcome measurement is likely to be influenced by
lack of blinding
Unclear risk Insufficient information to permit judgment of low or high risk
6.Blinding of outcome assessor (detection
bias)
Subjective outcomes
Low risk Blinding of outcome assessment ensured, and unlikely that the blinding
could have been broken
High risk No blinding of outcome assessment, and the outcome measurement is
likely to be influenced by lack of blinding
Blinding of outcome assessment, but likely that the blinding could have
been broken, and the outcome measurement is likely to be influenced by
lack of blinding
Unclear risk Insufficient information to permit judgment of low or high risk
7. Incomplete outcome data (attrition bias)
For all outcomes except retention in treat-
ment or drop out
Low risk No missing outcome data
Reasons for missing outcome data unlikely to be related to true outcome
(for survival data, censoring unlikely to be introducing bias)
Missing outcome data balanced in numbers across intervention groups,
with similar reasons for missing data across groups
For dichotomous outcome data, the proportion of missing outcomes
comparedwith observed event risk not enough tohave a clinically-relevant
impact on the intervention effect estimate
For continuous outcome data, plausible effect size (difference inmeans or
standardised difference in means) among missing outcomes not enough
to have a clinically-relevant impact on observed effect size
Missing data have been imputed using appropriate methods
All randomised patients are reported/analysed in the group they were
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(Continued)
allocated to by randomisation irrespective of non-compliance and co-
interventions (intention to treat)
High risk Reason for missing outcome data likely to be related to true outcome,
with either imbalance in numbers or reasons for missing data across in-
tervention groups
For dichotomous outcome data, the proportion of missing outcomes
compared with observed event risk enough to induce clinically relevant
bias in intervention effect estimate
For continuous outcome data, plausible effect size (difference in means
or standardised difference in means) among missing outcomes enough to
induce clinically relevant bias in observed effect size
’As-treated’ analysis done with substantial departure of the intervention
received from that assigned at randomisation
Unclear risk Insufficient information to permit judgment of low or high risk (e.g.
number randomised not stated, no reasons for missing data provided;
number of dropout not reported for each group)
8 Selective reporting (reporting bias) Low risk The study protocol is available and all of the study’s pre-specified (primary
and secondary) outcomes that are of interest in the review have been
reported in the pre-specified way
The study protocol is not available but it is clear that the published reports
include all expected outcomes, including those that were pre-specified
(convincing text of this nature may be uncommon)
High risk Not all of the study’s pre-specified primary outcomes have been reported
One or more primary outcomes is reported using measurements, analysis
methods or subsets of the data (e.g. subscales) that were not pre-specified
One or more reported primary outcomes were not pre-specified (unless
clear justification for their reporting is provided, such as an unexpected
adverse effect);
One or more outcomes of interest in the review are reported incompletely
so that they cannot be entered in a meta-analysis
The study report fails to include results for a key outcome that would be
expected to have been reported for such a study
Unclear risk Insufficient information to permit judgment of low or high risk
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Appendix 4. Criteria for risk of bias assessment for observational studies
Domain Judgment Description
Bias due to confounding Low risk (the study is comparable to awell-
performed randomised trial with regard to
this domain)
No confounding expected
Moderate risk (the study is
sound for a non-randomised study with re-
gard to this domain but cannot be consid-
ered comparable to a well performed ran-
domised trial)
Confounding expected, all knowncritically
important confounding domains appropri-
ately measured and adjusted for;
and
Reliability and validity of measurement of
a critically important domains were suffi-
cient that we do not expect serious residual
confounding
Serious risk (the study has some important
problems)
At least one known critically important do-
main not appropriately measured, or not
adjusted for;
or
Reliability or validity of measurement of
a critically important domain was low
enough that we expect serious residual con-
founding
Critical risk (the study is too problematic
to provide any useful evidence on the effects
of intervention)
Confounding inherently not controllable,
or use of negative controls strongly suggests
unmeasured confounding
No information on which to base a judg-
ment about risk of bias for this domain
No information on whether confounding
might be present
Bias in selection of participants into the
study
Low risk All participants who would have been el-
igible for the target trial were included in
the study and start of follow-up and start
of intervention coincide for all participants
Moderate risk Selection into the study may have been re-
lated to intervention and outcome, but the
authors used appropriatemethods to adjust
for the selection bias;
or
Start of follow-up and start of intervention
do not coincide for all participants, but the
proportion of participants for which this
was the case was too low to induce im-
portant bias; the authors used appropriate
methods to adjust for the selection bias; or
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the review authors are confident that the
rate (hazard) ratio for the effect of interven-
tion remains constant over time
Serious risk Selection into the study was related to in-
tervention and outcome;
or
Start of follow-up and start of intervention
do not coincide, and a potentially impor-
tant amount of follow-up time is missing
from analyses, and the rate ratio is not con-
stant over time
Critical risk Selection into the studywas strongly related
to intervention and outcome;
or
A substantial amount of follow-up time is
likely to be missing from analyses, and the
rate ratio is not constant over time
No information No information is reported about selection
of participants into the study or whether
start of follow-up and start of intervention
coincide
Bias in measurement of interventions Low risk Intervention status is well defined and
based solely on information collected at the
time of intervention
Moderate risk Intervention status is well defined but some
aspects of the assignments of intervention
status were determined retrospectively
Serious risk Intervention status is not well defined, or
major aspects of the assignments of inter-
vention status were determined in a way
that could have been affected by knowledge
of the outcome
Critical risk (Unusual) An extremely high amount of
misclassification of intervention status, e.g.
because of unusually strong recall biases
No information No definition of intervention or no expla-
nation of the source of information about
intervention status
Bias due to departures from intended
interventions
Low risk No bias due to departure from the in-
tended intervention is expected, for exam-
ple if both the intervention and compara-
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(Continued)
tor are implemented over a short time pe-
riod, and subsequent interventions are part
of routine medical care, or if the specified
comparison relates to initiation of interven-
tion regardless of whether it is continued
Moderate risk Bias due to departure from the intended
intervention is expected, and switches, co-
interventions, and some problems with in-
tervention fidelity are appropriately mea-
sured and adjusted for in the analyses. Al-
ternatively, most (but not all) departures
from intended intervention reflect the nat-
ural course of events after initiation of in-
tervention
Serious risk Switches in treatment, co-interventions, or
problems with implementation fidelity are
apparent and are not adjusted for in the
analyses
Critical risk Substantial departures from the intended
intervention are present and are not ad-
justed for in the analysis.
No information No information is reported on whether
there is departure from the intended inter-
vention
Bias due to missing data Low risk Data were reasonably complete;
or
Proportions and reasons of missing par-
ticipants were similar across intervention
groups;
or
Analyses that addressed missing data are
likely to have removed any risk of bias
Moderate risk Proportions of missing participants differ
across
interventions or reasons for missingness
differ minimally across interventions;
and
Missing data were not addressed in the
analysis.
Serious risk Proportions of missing participants differ
substantially across interventions or reasons
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for missingness differ substantially across
interventions;
and
Missing data were addressed inappropri-
ately in the analysis;
or
The nature of the missing data means that
the risk of
bias cannot be removed through appropri-
ate analysis.
Critical risk (Unusual) There were critical differences
between
interventions in participants with missing
data that were not, or could not, be ad-
dressed through appropriate analysis
No information No information is reported about missing
data or the
potential for data to be missing
Bias in measurement of outcomes Low risk The methods of outcome assessment were
comparable across intervention groups;
and
The outcome measure was unlikely to be
influenced by knowledge of the interven-
tion received by study participants (i.e. is
objective) or the outcome assessors were
unaware of the intervention received by
study participants;
and
Any error in measuring the outcome is un-
related to
intervention status.
Moderate risk The methods of outcome assessment were
comparable across intervention groups;
and
The outcomemeasure is onlyminimally in-
fluenced by knowledge of the intervention
received by study
participants;
and
Any error inmeasuring the outcome is only
minimally related to intervention status
Serious risk The methods of outcome assessment were
not comparable across intervention groups;
or
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The outcome measure was subjective (i.e.
likely to be
influenced by knowledge of the interven-
tion received by study participants) andwas
assessed by outcome assessors aware of the
intervention received by study participants;
or
Error inmeasuring the outcomewas related
to intervention status
Critical risk The methods of outcome assessment were
so different that they cannot reasonably be
compared across intervention groups
No information No information is reported about the
methods of outcome assessment
Bias in selection of the reported result Low risk There is clear evidence (usually through ex-
amination of a pre-registered protocol or
statistical analysis plan) that all reported re-
sults correspond to all intended outcomes,
analyses and sub-cohorts
Moderate risk The outcome measurements and analyses
are consistent with an a priori plan; or are
clearly defined, and internally and exter-
nally consistent;
and
There is no indication of selection of the re-
ported analysis from among multiple anal-
yses;
and
There is no indication of selection of the
cohort or subgroups for analysis and report-
ing on the basis of the results
Serious risk Outcome measurements or analyses are in-
ternally or
externally inconsistent;
or
There is a high risk of selective reporting
from among
multiple analyses;
or
The cohort or subgroup is selected from a
larger study for analysis and appears to be
reported on the basis of the results
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(Continued)
Critical risk There is evidence or strong suspicion of se-
lective reporting of results, and the unre-
ported results are likely to be substantially
different from the reported results
No information There is too little information to make a
judgment, for example if only an abstract
is available for the study
Overall judgment about risk of bias Low risk The study is judged to be at low risk of bias
for all domains
Moderate risk The study is judged to be at low or moder-
ate risk of bias for all domains
Serious risk The study is judged to be at serious risk
of bias in at least one domain, but not at
critical risk of bias in any domain
Critical risk The study is judged to be at critical risk of
bias in at least one domain
No information There is no clear indication that the study
is at
serious or critical risk of bias and there is
a lack of information in one or more key
domains of bias (a judgment is required for
this)
H I S T O R Y
Protocol first published: Issue 1, 2016
Review first published: Issue 9, 2017
Date Event Description
20 January 2016 Amended External source of support added
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C O N T R I B U T I O N S O F A U T H O R S
Lucy Platt led the writing of the protocol, the screening of papers, data extraction, analyses and write-up of the review.
Silvia Minozzi contributed to prepare the protocol, assessed risk of bias of the included studies and contributed to writing the text of
the review.
Jennifer Reed contributed to the literature search, ’Risk of bias’ assessment and data extraction.
Peter Vickerman contributed to the development of the protocol, interpretation of findings and the write-up of text of the review.
Holly Hagan contributed to the ’Risk of bias’ assessment, the analysis plan and interpretation of findings and the write-up of review
text.
Clare French led on the ’Risk of bias’ assessment.
Ashly Jordan contributed to the risk of bias assessment and interpretation of findings.
Louisa Degenhardt contributed to the development of the protocol as well as the write-up of the review.
Vivian Hope contributed to the interpretation of findings and write-up of the review.
Sharon Hutchinson contributed to the interpretation of findings and write up of the review.
Lisa Maher contributed to the development of the protocol, the identification of unpublished data, the interpretation of findings and
write-up of the review.
Norah Palmateer contributed to the development of the protocol and write-up of the review.
Avril Taylor contributed to the development of the protocol and write-up of the review.
Julie Bruneau contributed to the identification of unpublished data and the write-up of the review.
Matthew Hickman contributed to the development of the protocol, interpretation of findings and the write-up of text of the review.
D E C L A R A T I O N S O F I N T E R E S T
Lucy Platt: none known.
Jennifer Reed: none known.
Silvia Minozzi: none known.
Peter Vickerman: received research grant funding off Gilead for doing work unrelated to this project.
Holly Hagan: none known.
Clare French: none known.
Ashly Jordan: none known.
Louisa Degenhardt: I have received untied educational grants from Reckitt Benckiser for the postmarketing surveillance of buprenor-
phine-naloxone tablets and soluble film (2006 to 2013), the development of an opioid-related behaviour scale (2010), and from
Mundipharma for the conduct of postmarketing surveillance studies following the introduction of a new formulation of oxycodone in
Australia. All such studies’ design, conduct and interpretation of findings are the work of the investigators; the funders had no role in
these. They had no knowledge of this work.
Vivian Hope: none known.
Sharon Hutchinson: outside the submitted work, received honoraria from pharma (Abbvie and Gilead) for speaking at conferences/
meetings on the epidemiology and treatment of HCV infection.
Lisa Maher: none known.
Norah Palmateer: none known.
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Avril Taylor: the Scottish Government funded the Needle Exchange Surveillance Initiative. Some of the data from this is used in the
paper under consideration.
Julie Bruneau: outside the submitted work, received honoraria from pharma (Merck and Gilead) as advisor on the treatment of HCV
infection among people who inject drugs.
Matthew Hickman: none known.
S O U R C E S O F S U P P O R T
Internal sources
• No sources of support supplied
External sources
• National Institute of Health Research (NIHR), UK.
The project was funded by the NIHR’s Public Health Research Programme (grant number: 12/3070/13). Clare French was funded
by the NIHR Health Protection Research Unit in Evaluation of Interventions at University of Bristol (grant number: HPRU-2012-
10026). The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR, the Department of Health
or Public Health England.
• European Commission Drug Prevention and Information Programme (DIPP) Grant “Treatment as Prevention in Europe:
Model Projections of Impact And Strengthening Evidence Base On Intervention Coverage and Effect and HCV Morbidity”. [JUST/
2013/DPIP/AG/4812], Other.
• National Institutes of Health/ National Institute on Drug Abuse (NIDA), USA.
Holly Hagan, Ashly Jordan and Jennifer Reed are supported by NIH-NIDA grant [1 R01 DA034637]
• Lisa Maher is supported by an Australian National Health and Medical Research Council Senior Research Fellowship, Australia.
D I F F E R E N C E S B E TW E E N P R O T O C O L A N D R E V I E W
We have added a final review author, Prof Julie Bruneau, who contributed some of the unpublished data and advised on the review
analyses and write-up.
We have changed the title to refer to opioids instead of opiates. Opioid encompasses synthetic opiates as well as those derived from
opium, whereas opiates just include drugs derived from opium.
We added in another control intervention that included low coverage of NSP. This became necessary as it was clear following data
extraction that many comparisons were made against this intervention exposure.
We also added to the description of the ’Risk of bias’ assessment following its application. When the protocol was first published the
tool was being piloted, and it was updated during the course of the review. We adapted our protocol to reflect these changes. We also
added in additional confounders to be extracted from the protocol, since after extracting the first few papers it became clear that we
had omitted relevant confounders.
We updated our approach to dealing with measures of treatment effect to reflect the dominant effect estimates that we were extracting.
We treated odds ratios as an approximation of the risk ratio despite the variation in HCV incidence. We checked the legitimacy of this
approach in a sensitivity analysis, excluding studies reporting odds ratios only.
We excluded studies where data regarding drug treatment or NSP were missing or unavailable from the analysis but not the review. We
updated the review to clarify this point.
The subgroup analysis differed from that specified in the review protocol since there was insufficient information to assess impact by
type of NSP, frequency of injecting, dose of OST, duration or age, ethnicity of participants. We did not assess impact by recruitment site
of participants either since most studies recruited across multiple sites and methods, making it difficult to clearly differentiate methods.
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The sensitivity analysis differed from that specified in the protocol in several ways. We did not exclude studies that reported incident
rate ratios as effect estimates, since only a few studies used incident rate ratios. Instead we removed estimates derived from unpublished
datasets as part of our sensitivity analyses since more estimates were derived in this way, making them a more substantive part of the
analysis. The original protocol also stated that we would exclude studies that only assessed the impact of the intervention at baseline.
We did this in the review but changed the wording to say that we excluded studies that used odds ratios as effect estimates and were
cross-sectional in design. This is the same as excluding baseline measures only, but we wanted to more clearly specify that the sensitivity
analysis had explored the effect of pooling different study designs.
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